A study of information and vocabulary achievement from the teaching of natural science by television in the fifth grade by Kraft, Mary Elizabeth
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Dissertations and Theses (pre-1964)
1961
A study of information and
vocabulary achievement from the
teaching of natural science by
television in the fifth grade
https://hdl.handle.net/2144/27231
Boston University
BOSTON UNIVERSITY 
SCHOOL OF EDUCATION 
DISSERTATION 
~-;.::.I 
A STUDY OF INFORMATION AND VOCABULARY ACHIEVEMENT 
FROM THE TEACHING OF NATURAL SCIENCE 
BY TELEVISION IN THE FIFTH GRADE 
Submitted by 
Mary Elizabeth Kraft 
(A.B., Emmanuel College, 1945) 
(Ed.M., Boston University, 1948) 
In Partial Fulfillment of Requirements for 
the Degree of Doctor of Education 
FIRST READER: 
SECOND READER: 
THIRD READER: 
Dr . Ralph 
Professor 
of Education 
TABLE OF CONTENTS 
LIST OF TABLES . . . . . . . 
LIST OF ILLUSTRATIONS . . . . . . . . 
Chapter 
I. PROBLEM . . . . . . . . . 
II. 
Statement of the Problem • 
Justification 
. . . . . . 
Scope . . . . . . . . . . . . . . . 
Definition of Terms . . . . . . . . . . 
REVIEW OF THE LITERATURE • . . 
Plan of the Chapter . . . . 
A Brief Historical Perspective •• . . . 
Advent of ETV . . . . . . . . . . 
Growth and development of ETV 
The Comparative Effectiveness of TV 
Teaching with Other Media of Instruction 
. . 
. . 
Instruction via television • • 
Television in the Armed Forces • 
. . . . 
Television in higher education • 
Television in the schools 
. . . 
. . . 
Evaluation of instructional television 
research • . . . . . . . . . . . . . . 
The Function of Television in the School 
Program . . . . . . . . . . . . . . 
Television as a classroom tool • 
Contributions of television in 
Page 
ix 
XV 
1 
1 
1 
5 
7 
10 
10 
11 
11 
13 
15 
15 
16 
19 
23 
34 
instruction • . • . • • • • • . . • • • • 41 
Limitations of television in 
instruction . . . • . • . • 
iii 
. . . . . . . 43 
Chapter 
III . 
The Role of the Classroom Teacher 
Television and the classroom teacher • 
Training of classroom teachers for 
instructional television • • . . • . . . . 
Classroom instructional procedures 
for television • • • • • • • . • . • • 
Science Instruction by Te l evision 
Science and TV . . . . . . . . . . . . 
Recapitulation •• • • . . . 
PROCEDURE . . . . . . . . . . . . . . . . 
Construction of Preliminary Measuring 
Instruments • • • • • • • • . • • • • • • • 
Page 
45 
45 
49 
50 
50 
52 
54 
54 
Identification of Item Content Criterion • • 54 
Structure of the Tests . . . . . . 
Science Information Test • . . . . 
Science Vocabulary Test . . . 
Reading level of instruments 
Preliminary Administration . • . . . . . . . 
Construction of Final Ins t ruments . . . 
Item analysis . . . . . . . . . . . . . . 
Science Information Test . . . . . . . . . 
Science Vocabulary Test 
Validity and Reliability .• 
Validity of the instruments 
Reliability of the instruments 
. . 
. . . . . 
. . . 
. . 
Organization of the Experimental Design--
56 
56 
57 
59 
59 
6o 
60 
67 
67 
67 
67 
68 
Sampling Technique • . • • • • • • • • • • • 70 
iv 
Chapter 
IV. 
Identification of communities . 
Selection of sample • . • • . . . 
Teacher Experimental Assignments . . . 
Function of the Workshop . . . . . . . . 
. . . . Science workshop 
TV workshop • • • . . . . . . . . . 
Operation of the Experimental Design 
Experimental materials • • •. 
Experimental conditions •••• 
. . . . . . 
. . . . . . 
Project Intercommunication • • . . • . • • • 
Evaluative Procedure 
Test instruments 
Testing periods • 
Pupil personal data 
. . . . . . . . . . 
. . . . . . . . . 
. . . . . . . 
. . . . . . . . . . 
Scoring . . . . . . . . . . . . . . . . . . 
Statistical techniques • • . . . . 
ANALYSIS AND INTERPRETATION OF DATA • • • 
Objectives of the Research • • • • 
Composition of Experimental Data • 
Statistical Analysis • • • • • • 
Mean and standard deviation 
Correlation • . • • • .• 
Analysis of variance . . . 
Analysis of covariance • . . 
v 
. . . . . 
. . . . . 
. . 
Page 
70 
71 
72 
74 
74 
76 
78 
78 
80 
83 
84 
84 
86 
87 
87 
87 
89 
89 
89 
90 
90 
91 
91 
92 
Chapter 
Results of the Initial Testing Period 
Chronological age • . • • • • • • • . • • 
Intelligence . . . • • • • • . . . . . 
Science Achievement 
Findings •• 
Experimental groups 
Experimental teachers 
. . . . . . . . . . . 
. . . . . . . . . 
. . . . . . . . . 
. . . 
Results of the First Seven Weeks of the 
Page 
92 
92 
94 
96 
99 
100 
101 
Experiment • • . • • • • • • • • • • • • • • 101 
Science Information data • . . . . 
Science Information data for Special 
Subgroups • • • • • . • • . • • • • • 
Science Vocabulary data . . . 
Science Vocabulary data for Special 
Subgroups • • • • . • • • • • . • 
Correlations • . . . . . . . . 
Findings • • • . . . . . . . . 
Final Experimental Data . . . . . . . . . . 
Science Information data •• . . . . . . . 
Science Information data for a Special 
Subgroup . . . . . . . . . • . . . . . . . 
Science Vocabulary data . . . . . . 
Science Vocabulary data for a Special 
Subgroup . . . . . . . . . . . . . . . 
Parental occupation . . . . . . . . . 
Classroom science instruction . . . . . . 
102 
112 
115 
123 
126 
128 
129 
130 
148 
150 
150 
Time allotments for classroom instruction 151 
Analysis of Science data for control 
I.Q. groups •••••••• 
vi 
. . . 152 
Chapter 
Findings • • • • • • • • • • . . . . 
Recapitulation • . . 
v. SUMMARY AND CONCLUSIONS . . . . . . . . . 
Summary . . . . . . . . 
The problem . . . 
The plan of the experiment • . . . . . 
Experimental tests • . . . . . . . . . 
Evaluation • . . . . . . . . . . . . . . . 
Statistical analysis . . . . . 
Summary of the findings . . . . . . . . . 
Conclusions . . . . . . . . . . . . . . . . 
Impli cations of the Study 
Limitations of t he Study •• . . . . . . 
Sugges tions for Further Study . . . . . 
BIBLIOGRAPHY 
APPENDIX 
. . . . . . . . . . . . . . 
. . . . . . . . . . . 
A. PARTICIPATING SCHOOL SYSTEMS . . . . 
B. 
c. 
SUMMARY TABLE OF ANALYSES OF INITIAL TEST 
DATA FOR THE EXPERIMENTAL CLASSES • • 
NATURAL SCIENCE TELEVISION PROGRAMS- -
. . . 
TITLES AND CONTENT • . • • • • • . . . 
D. COPIES OF TEST INSTRUMENTS . . . . . . 
Preliminary Form A 
Preliminary Form B 
Preliminary Form C 
Preliminary Form D 
. . . . . . . . . . . 
. . . . . . 
. . . . . . . . . 
vii 
Page 
155 
156 
158 
158 
158 
158 
158 
159 
161 
161 
163 
165 
166 
168 
170 
179 
180 
182 
184 
185 
186 
195 
198 
202 
Chapter Page 
Preliminary Form E . • • • • • • • • . • • • 205 
Preliminary Form F 208 
Science Information Test 
Complete Form • • • • • • • • • • • • • • • 213 
Partial Form . . . . . . . . . . . 
Science Vocabulary Test 
Preliminary Form . . . . . . . . . . . 
Final Form . . . . . . . . . . . . . . 
E. TEACHER RECORD SHEET 
F. TEACHER WEEKLY REPORT SHEET • . . . . . . 
G. PARENT OCCUPATION CHECK LIST . . . . . . . . . 
H. SAMPLES OF INSTRUCTIONAL AIDS SUPPLIED 
TO TEACHERS • • • • . • . • • • • • • • 
Brief Outlines of Individual Programs • 
Pupil Project Guide • • • • • • • • • • • • • 
viii 
220 
223 
226 
228 
230 
232 
233 
234 
245 
Table 
1. 
2. 
3. 
LIST OF TABLES 
A Two-way Distribution of Difficulty and 
Discrimination Indices for Science 
Information Items ••...•••••• 
A Two-way Distribution of Difficulty and 
Discrimination Indices for Science 
Vocabulary Items • • • • • • • • • • • 
Comparison of Obtained and Predicted 
Reliability Coefficients for Science 
Information Preliminary Test Forms 
Page 
. . . 63 
65 
4. Analysis of Variance of Age for Experimental 
and Control Groups on Initial Testing • • • • 93 
5. Analysis of Variance of Otis Beta Scores for 
Experimental and Control Groups on 
Initial Testing • . • • • • • • • • • . • • • 94 
6. Analysis of Variance of Otis Beta I. Q. 
Scores for Experimental and Control 
Groups on Initial Testing •••.•• . . 
7. Analysis of Variance of Science Information 
Scores for EXperimental and Control 
95 
Groups on Initial Testing • • • • • • • • • • 97 
8. Analys i s of Variance of Partial Science 
Inf ormation Teat Scores for the Experi-
10. 
mental and Control Groups on Initial 
Tea ting . . . . . . . . . . . . . . . . . 
Analysis of Variance of Science Vocabulary 
Scores for Experimental and Control 
Groups on Initial Testing • • • . • . • • 
F Values Obtained from the Analyses of 
Variances of Scores for the Experimental 
Groups on Initial Variables ••••••• 
11. Analysis of Variance of Science Information 
(Partial) Scores on the Second Testing 
for Experimental Groups Using Mean 
98 
. . 99 
. . 100 
Score by Clas s room • • • • • • • • • • • • • 103 
ix 
Table Page 
12. Rank Order of Means of the Science Informa-
tion (Partial) Test for Experimental 
Groups on the Second Administration and 
Level of Significance by the t-Test • . • 104 
13. Analysis of Variance of Science Information 
(Partial) Dif ference Scores from First 
to Second Testing among Experimental 
Groups Using Class Mean Differences • • • • • 106 
15. 
16. 
17 . 
18. 
19 . 
20. 
Four-way Analysis of Variance of Science 
Information (Partial) Difference Scores 
from First to Second Testing for Experi-
mental Classes . . • • • • • • . . • • • 
Analysis of Variance of Science Information 
(Partial) Difference Scores from First 
to Second Testing for Experimental 
Classes (Males) Using Class Mean Differ-
ence s . . . . . . . . . . . . . . . . . 
Four- way Analysis of Variance of Science 
Information (Partial) Difference Scores 
from First to Second Testing for Ex-
perimental Classes (Males) . . •. • •• 
Analysis of Variance of Science Information 
(Partial) Difference Scores from First 
• • 
to Second Testing for Experimental Groups 
(Females) Using Class Mean Differences •. • 
Four- way Analysis of Variance of Science 
Information (Partial) Difference Scores 
from First to Second Testi ng for Experi-
mental Classes (Females) • . • • • • • • 
Analysis of Variance of Science Information 
(Partial) Scores by I . Q. Quarters and 
First to Second Tests for a Random 
Sample of 500 Experimental Subjects • • • 
Analysis of Variance of Science Information 
(Partial) Scores by Sex and First to 
Second Tests for a Random Sample of 500 (266 Males and 234 Females) Experimental 
Subjects • • • •• ••• . • •••••. . . 
21 . Analysis of Variance of Science Vocabulary 
Scores on the Second Testing for Experi-
107 
108 
109 
110 
111 
112 
114 
mental Groups Using Mean Score by Classroom . 115 
X 
Table Page 
22. Rank Order of Means of the Science Vocabulary 
Test for Experimental Groups on the Second 
Administration and Level of Significance 
by the t-Test . . • • • • . . • • . • . . • • 116 
23 . Analysis of Variance of Science Vocabulary 
Difference Scores from First to Second 
Testing among Experimental Groups Using 
Class Mean Differences • • • . . • 
24. Four-way Analysis of Variance of Science 
Vocabulary Difference Scores from First 
118 
to Second Testing for Experimental Classes 119 
25. 
26. 
Analysis of Variance of Science Vocabulary 
Difference Scores from First to Second 
Testing for Experimental Groups (Males) 
Using Class Mean Differences • • • . . 
Four-way Analysis of Variance of Science 
Vocabulary Difference Scores from First 
to Second Testing for Experimental 
Classes (Males) •••••••••••• 
. . . 
21. Analysis of Variance of Science Vocabulary 
Difference Scores from First to Second 
Testing for Experimental Groups (Females) 
120 
121 
Using Class Mean Differences . • • • • • . . 122 
28 . Four-way Analysis of Variance of Science 
Vocabulary Difference Scores from 
First to Second Testing for Experimental 
Classes (Females) •.••.••••••• 
29. Analysis of Variance of Science Vocabulary 
Scores by I.~. Quarters and First to 
Second Testing Periods for a Random 
Sample of 500 Experimental Subjects • 
30. 
. . 
Analysis of Variance of Science Vocabulary 
Scores by Sex and First to Second Tests 
for a Random Sample of 500 (266 Males 
and 234 Females) Experimental Subjects . . . 
31. Correlations between Variables Measured 
in the First and Second Testing Periods 
Using 500 Experimental Subjects and 371 
Control Subjects • • • • • • • • • • • 
xi 
123 
124 
125 
127 
Table 
32. Analysis of Variance of Science Information 
Difference Scores from Pre- to Post-tests 
for Experimental and Control Groups Using 
Page 
Class Mean Differences • • • • • . • • • 130 
33. Analysis of Variance of Science Information 
Difference Scores from Pre- to Post-tests 
for Males of the Experimental and Control 
Groups Using Class Mean Differences • • • 131 
34. Analysis of Variance of Science Information 
Difference Scores from Pre- to Post-tests 
for Females of the Experimental and Control 
Groups Using Class Mean Differences • • • 132 
35. Analysis of Variance of Science Information 
Difference Scores from Pre- to Post-tests 
for Experimental Groups Using Mean 
Difference Score by Classroom • • • • • • • • 133 
36. Four-way Analysis of Variance of Science 
Information Difference Scores from 
Pre- to Post-tests for the Experimental 
Classes • • • • • • • . • • • 
37. Analysis of Variance of Science Information 
Difference Scores from Pre- to Post-tests 
for the Experimental Groups (Males) Using 
134 
Mean Difference Score by Classroom • • • 135 
38. Four-way Analysis of Variance of Science 
Information Difference Scores from Pre-
to Post-tests for Experimental Classes 
(Males) • • . • . . • • • . . • • • • • . . . 
39. Analysis of Variance of Science Information 
Difference Scores from Pre- to Post-tests 
for the Experimental Groups (Females) 
136 
Using Mean Difference Score by Classroom 137 
40. Four-way Analysis of Variance of Science 
Information Difference Scores from Pre-
to Post-tests for Experimental Groups 
(Females) • . • • • • • • • . . . • . . • 138 
Analysis of Variance of Science Information 
Scores by I. Q. Quarters and Pre- to Post-
tests for a Random Sample of 500 Experi-
mental Subjects • • • • • • • • • • • • • 
xii 
• • 139 
Table Page 
42. Analysis of Variance of Science Vocabulary 
Difference Scores from Pre- to Post-tests 
for Experimental and Control Groups Using 
Class Mean Differences • • • • • . . . . 140 
43. Analysis of Variance of Science Vocabulary 
Difference Scores from Pre- to Post-tests 
for Males of the Experimental and Control 
Groups Using Class Mean Differences • • . 141 
44. Analysis of Variance of Science Vocabulary 
Difference Scores from Pre- to Post-tests 
for Females of the Experimental and Con-
trol Groups Using Class Mean Differences 142 
45. Analysis of Variance of Science Vocabulary 
Difference Scores from Pre- to Post-tests 
for Experimental Groups Using Mean Dif-
ference Score by Classroom • . • • . • • 143 
46. 
48. 
Four-way Analysis of Variance of Science 
Vocabulary Difference Scores from Pre-
to Post-tests for Experimental Classes 
Analysis of Variance of Science Vocabulary 
Difference Scores from Pre- to Post-
tests for Experimental Groups (Males) 
Using Mean Difference Score by Classroom 
Four-way Analysis of Variance of Science 
Vocabulary Difference Scores from Pre-
to Post-tests for the Experimental 
Classes (Males) ••••..••.•••• 
144 
. . 
. . 
49. Analysis of Variance of Science Vocabulary 
Difference Scores from Pre- to Post-
tests for Experimental Groups {Females) 
Using Mean Difference Score by Classroom 147 
50. Four-way Analysis of Variance of Science 
Vocabulary Difference Scores from Pre-
to Post-tests for the Experimental 
Classes (Females) • • • • • • • • • • • . 148 
51. Analysis of Variance of Science Vocabulary 
Scores by I.Q. ~uarters and Pre- to Post-
tests for a Random Sample of 500 Experi-
mental Subjects • • • • • • • • • • • •• 
xiii 
. . 
Table 
52 . 
53 . 
54. 
55 . 
56. 
Analysis of Variance of the Minutes pe r 
Week for Science Instruction among the 
Experimenta l Groups Using Mean Score by 
Classroom • . • • • • • • • • • • . . • 
Analysis of 
Scores by 
tests for 
Subjects 
Variance of Science Information 
I . Q. Quarters and Pre- to Post-
a Random Sample of 258 Control 
. . . . . . . . . . . . . . . . 
Variance of Science Vocabulary 
I . Q. Quarters and Pre- to Post-
a Random Sample of 258 Control 
. . 
Analysis of 
Scores by 
tests for 
Sub jects . . . . . . . . . . . . . . . . . . 
Summary: Analysis of Variance of Scores 
for Experimental Groups on Initial 
Variables • • . • • • • • • • • • • • • . . . 
Developmental Plan for the Integration 
of the Biological Principles into the 
Natural Science TV Series • • • • • • 
xiv 
. . . . 
Page 
153 
154 
182 
184 
LIST OF ILLUSTRATIONS 
Figure Page 
1. A Diagram of the Experimental Design • • • • • • 80 
CHAPTER I 
THE PROBLEM 
Statement of the Problem 
This study was an investigation and measurement of 
the effects of science teaching by television on the educa-
tional achievement of fifth grade pupils and constituted a 
part of a research project made possible by a Federal grant . 
The primary concern of this study was to identify and to ap-
praise the kind of teacher training , mode of program presen-
tation, type of pupil activity, and method of teacher in-
structional activity which produced the greatest gains in 
natural science information and vocabulary . The differen-
tial effects of these variables were evaluated by a science 
information test and a science vocabulary test to measure 
achievement in these areas . 
Justification 
In 1952, when the Federal Communications Commission 
set aside 242 television channels for non-commercial educa-
tion stations, the question asked was: Can television play 
a part in education? 
During the seven dramatic years since then, this 
pertinent query has been repeatedly answered in the affirma-
tive. At all levels of instruction, from elementary school 
on through military training of the Armed Forces, teaching 
by television has been efficacious. Projects of extensi ve 
experimentation conducted and supported by the Ford Founda-
tion and The Fund for the Advancement of Educ ation1 as well 
as investigations by the United States Army2 have substanti-
ated the success of this medium for direct classroom instruc-
tion. Now, the question that needs fuller explanation is--
what kind of role can television play most effectively. 
In general, the beat documented area of instruc-
tional television research has been the studies of the learn-
ing achieved by television groups compared with other media; 
namely, regular classroom lecture, in-studio classroom teach-
ing, and a limited number with other audio and visual means . 
Each comparison produced similar evidence to the effect that, 
as a major aid to learning , the justification of television 
use is equal to the seasoned educational pract i ces. However, 
it appears that an assessment of the true potential and 
functional worth of the medium as applicable to a basic 
academic need has been disregarded . How this audio-visual 
aid can be incorporated into the educational process and 
how teachers and pupils can derive maximum service from tele-
vision have become the current issues for research . 
Consideration of existing attitudes toward television 
1The Ford Foundation and The Fund for the Advancement 
of Education, Teaching b~ Television (New York: Office of 
Ford Foundation, May, 19 9), pp . 1-15. 
2Joseph H. Kanner, "Teaching by Television in the 
Army: An Overview," Audio-Visual Communication Review, VI 
(Summer, 1958), 172- 1 • 
2 
as an educational device would seem to warrant further pur-
suance of its more efficient utilization. Allen1 pointed 
out that teachers and students liked television, found it 
helpful and would continue to use it, but that the dearth 
of research in this field relegated these statements to 
the opinion box. Nevertheless, they did indicate the tele-
vision-proneness of schools . 
In view of the favorable findings of earlier group 
comparison studies concerning the advantages of television 
and the receptivity of schools to this mode of instruction, 
the next step for the researcher was an investigation of 
television teaching in which groups exposed exclusively to 
television became the basis for comparison. It was for the 
purpose of measuring the degree of learning concomitant with 
television teaching in such perspective that this study was 
undertaken. The intrinsic value of instructional television 
can be measured only when all participating groups in the 
experiment are viewing the telecasts. Thus removed from 
inter-media estimates, television can be examined essen-
tially . It is then possible to identify directly and to 
isolate the powerful classroom factors that influence learn-
ing from television, as well as to determine the instru-
ment's relative merit and effective use. 
Practically all areas of subject matter have received 
1William H. Allen, Audio-visual Communication Re-
search (Santa Monica, California: System Development 
Corporation, 1958), pp. 26-30. 
3 
television transmission. There was substantial agreement 
that science demonstrations and lessons were the most pro-
ductive. Becker1 surveyed school administrators on the 
kind of television programs for in-school viewing which 
had been most profitable. The respondents listed science 
as the one most often preferred. According to Dunham, 
Lowdermilk and Broderick,2 of all available media, televi-
sion was the most appropriate for satisfying the vast needs 
of adequate science instruction. 
Every effort to explore the feasibility of employ-
ing television to help students to learn more science is 
most urgent in this technological era which daily makes 
demands on education to supply better and increased science 
training at an early age . 
In this study, the factors contributing to the most 
effective use of television in teaching elementary science 
were under investigation. The classroom teacher's specific 
training , initial and terminal telelessons, structured and 
independent teacher activity, and individual and class 
assignments were evaluated. The experiment was designed 
to determine which factors or given combination of them 
produced the greatest gains in science achievement. It 
1samuel L. Becker, "Exploratory Studies in the 
Evaluation of Educational Telecasts," Proceedinps of 
Iowa Academy of Science, LXI (1954), 341-347. 
2Franklin Dunham, Ronald R. Lowdermilk, and Ger-
trude G. Broderick, Television in Education, Bulletin 
No. 17 (Washington, D. C.: United States Office of Educa-
tion, 1957), p. 37. 
4 
was hoped that the results of the experiment would be bene-
ficial in determining the practical application of television 
to elementary science teaching and thereby suggest the pro-
cedural pattern for use in other areas of the curriculum. 
Scope 
A total of ninety fifth grade teachers and their 
classes were involved in this study . The population in-
cluded approximately 2600 children of both sexes attending 
the public schools of seven cities and twenty-three towns 
in eastern Massachusetts that used the open-circuit facili-
ties of educational Channel 2 WGBH-TV, Boston. 
A series of thirty half-hour, natural-science tele-
vision programs, designed by the staff of the Massachusetts 
Audubon Society, provided the experimental material for the 
study. The weekly presentation over Channel 2 coincided 
with the school calendar and extended from October to June 
of the current year. To provide adequate coverage for the 
schools, two separate viewings of each telecast were 
scheduled. 
Two workshops for teacher training were instituted 
prior to the experiment. A science workshop conducted by 
the Massachusetts Audubon Society provided natural science 
information and project suggestions relative to the TV 
series. A second workshop organized by Boston University 
School of Public Relations and Communications demonstrated 
suitable techniques for handling television instruction in 
5 
the classroom. 
The study was concerned with the differential effects 
of four variables on science achievement in the fifth grade. 
The major variables were: (1) teacher training ; (2) method 
of program presentation; (3) teacher activity; and (4) type 
of pupil activity . Manipulation of these variables consti-
tuted the basis for the experimental design . 
Eighteen of the classes were used as the control 
group for which the TV series was the chief source of 
natural science instruction. The remaining seventy-two 
classes, making up the experimental population, were di-
vided into three equal groups. The teachers of the first 
group attended the science workshop; teachers of the second 
group trained in the T'V workshop; and teachers of the re-
maining classes received no special science or television 
training. 
Each experimental group was composed of equal num-
bers of classes from each of the teacher-training categories, 
randomly assigned on a four-way basis for experimental treat-
ment. The four treatments were: (1) initial TV plus study 
guide; (2) initial TV plus independent action; (3) terminal 
TV plus study guide; and (4) terminal TV plus independent 
action. Within each of these four groups, half the classes 
undertook individual pupil assignments; the other half did 
common class assignments. 
Data were obtained on t he geographic area of resi-
dence, sex, intelligence, and parental occupations of ea ch 
6 
child to determine the relationship of the se pupil variables 
to achievement differences within the experimental design. 
A brief history, concerning educational background 
and teaching experience with special emphasis on previous 
science and audio-visual training , was obtained from each 
teacher . 
Biweekly visits were made to maintain personal con-
tact with both the teachers and pupils and to insure con-
tinuance of the experimental assignments; and weekly descrip-
tive reports, including the time and content of the science 
lessons but excluding television pr ograms, were kept by the 
teachers. 
The evaluation of achievement involved the develop-
ment, construction, and administrat ion of preliminary test 
items as well as modification and final selection of items 
used . 
The items selected were compiled in a Science In-
formation Test and a Science Vocabulary Test. Both tests 
were administered to all classes in September and May for 
pre-test and end-test results . An abbreviated form of the 
Science Information Test and the complete form of the 
Science Vocabulary Test were given to the experimental 
classes in December for short - term results. 
Definition of Terms 
Achievement was considered to be the effects of a specific 
7 
course of instruction or training. 1 
Natural science was defined as the study of the intricate 
relationships of all living things to each other and to 
the non-living part of the environment.2 
Direct -teaching by television used in this study was the 
broadcast-production approach. Each television presenta-
tion was studio produced and employed professional 
broadcast-production techniques with a lesson-demonstration 
type of program taught by the specialist teacher-on-camera.3 
Experimental groups were the classes in which there existed 
prescribed teacher training, variation of program presenta-
tion, and specific science assignments regarding teacher 
and pupil activity. 
Control groups were the classes which received the science 
TV series with little or no additional natural science 
instruction or activities. 
Science-trained has reference to the group of teachers who 
participated in a science workshop designed to acquaint 
them with natural science information and projects suitable 
to fifth grade pupils. 
TV-trained categorized the group of teachers who received 
specialized workshop training in classroom techniques for 
the use of television as a teaching aid . 
No special training referred to teachers who received no 
intensified preparative training in either science or tele-
vision for this experiment. 
TV-initiating designated the position of the television 
program as preliminary to actual classroom instruction. 
In this reference the program functioned as a stimulus to 
further study of science principles , processes, and experi-
ments presented in the TV lesson and subsequently consti-
tuted the basis for continued instruction by the classroom 
teacher. 
1Anne Anastasi , "Achievement Tests: General," 
Chapter 17, Psychological Testing (New York: The Mac-
millan Company, 1954. 
2G. G. Simpson, C. S . Pittendrigh, and L. H. Tiffany, 
"The Living World," Chapter I, Life: An Introduction to 
Biology (New York: Harcourt, Brace and Company, 1957). 
3nunham, et al ., op. cit., pp. 85-88. 
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TV-terminating designated the position of the telev i sion 
program as terminal to previous classroom instruction. In 
this reference the program functioned to reinforce, to 
clarify , and to broaden the science principles, processes, 
and experiments already presented by the classroom teacher. 
Study guide was the prepared source book of science in-
formation, questions for discussions, and project sugges-
tions based on program content for use in conjunction with 
the TV series. 
Independent activity designated the teacher-designed 
approach to the organization of program content for use 
in conjunction with the TV series. 
Individual Irojects were classified as interest-centered 
science top cs selected by pupils for independent activity. 
Class assignment was described as a common science topic 
assigned by the teacher for the class to undertake as a 
unit activity. 
Teacher instructional activity designated the operational 
procedure as to the use of a prepared study guide or inde-
pendent direction of classroom science instruction in con-junction with t he television programs. 
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CHAPTER II 
REVIEW OF THE LITERATURE 
Plan of the Chapter 
The scope of the natural science research project 
included the investigation of behavior change s of fifth 
grade children in science interest and attitudes, reasoning 
and achievement resulting from more effective techniques 
in the use of television for teaching elementary school 
science. Since this study constituted an evaluation of 
the science achievement phase of the principal experiment, 
only the literature directly concerned with the instruc-
tional aspects of television as it related to the teaching 
effectiveness of the medium and its attendant results in 
academic achievement has been reported here. Correlative 
to the major project were studies conducted by Sheehanl 
in the area of science interests and attitudes and by 
Dietmeier2 in science reasoning . These investigators re-
viewed the research in their respective fields. A com-
pilation of empirical data was thus gathered for the 
1A. Cornelia Sheehan, The Interrelationships of 
Interest and Attitudes and Specified Independent Variables 
in the Teaching of Natural Science by Television in the 
Fifth Grade (Unpublished Doctoral Dissertation, Boston 
University, 1960). 
2Homer J. Dietmeier, The Effect of the Integration 
of Science Teaching by Television on the Development of 
Scientific Reasoning in the Fifth Grade Student (Unpublished 
Doctoral Dissertation, Boston University, 1961}. 
total experimental program. 
In general, what the writer wanted to know from 
previous research findings was how much learning of informa-
tion had occurred and what skills were acquired when tele-
vision was the medium of instruction. More specifically, 
the writer wanted to know how much consideration, if any, 
had been given the variables, namely: kind of training 
for the classroom teacher, method of program presentation, 
type of pupil activity, and nature of the classroom in-
structional procedures used in conjunction with the TV 
lessons as included in the experimental design . A refine-
ment of the television research into five subdivisions was 
made: (1) a brief historical perspective; (2) the effec-
tiveness of TV teaching compared with other media of in-
struction; (3) the function of television in the school 
program; (4) the role of the classroom teacher; and 
(5) science instruction by television. 
A Brief Historical Perspective 
Advent of ETV . --Televised instruction in the class-
room was initiated more than two decades ago . As early as 
1938 , Clark1 described the first educational telecast in 
this country. Approximately 250 students in science courses 
at New York University viewed a forty-five minute presenta-
tion, appropriately designed to explain and demonstrate the 
1c. C. Clark, "Television in Education," School and 
Society, XLVIII (October, 1938), 431-432 . 
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principles involved in the all-electronic system of TV. 
Recognition of the potential of television for edu-
cation was evidenced by the experimental productions carried 
on in colleges and universities until World War II inter-
rupted the development of television. In 1946, when higher 
education again spearheaded production, regular programs 
were resumed. 
Credited by Dunham1 as perhaps the first college 
to own and operate its own television station was Iowa 
State College which provided college courses and, also, 
elementary and secondary educational courses. Other pioneer 
experimenters in college television for credit were Brooklyn 
College2 and Syracuse University.3 
Foremost among public school systems to institute 
television activities into regular curricula was Philadel-
phia. In 1948, under the direction of Martha Gable, 
locally-trained television teachers developed outstanding 
lessons for daily classroom enrichment. Their purpose was: 
(1) to bring a wide variety of skills, processes, and ma-
terials, otherwise unavailable to schools, to the classroom; 
(2) to acquaint the public with what the schools were doing; 
1Franklin Dunham, "Television Has Special Values for 
Teaching Healthl Citizenship and Vocations," Nation's Schools, 
XLV (June, 1950J, 57-58. 
2
"TV to Be Used by Colleges," Editorial News and Com-
ments, School Review, LVIII (September, 1950), 317. 
) "Colleges and Universities Prepare Television Pro-
Grams," School and Society, LXXII (September, 1950), 155-156. 
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and (3) to seek voluntary reception by classes throughout 
the area . Thus, Gable, 1 firmly convinced that the only way 
to learn about television was to use it, presented the Phila-
delphia educational television point of view . Prompted by 
Philadelphia ' s success , New York , Baltimore, Pittsburgh , 
and other communities across the country began experiment-
ing with in-school use of television . 
During this exploratory period , there was little in 
the way of formal evaluation of television tea ching by com-
parison with traditional media . Attempts to define TV's 
"rightful role in educat i on" were highly speculative but 
truly promising . In assessing the value of the rudimentary 
stages of experimentation, Brooker 2 predicted that herein 
lay the guide to the future deve l opment of television as an 
instructional tool . Steele,3 r ecalling tha t early state-
ments made concerning educational te l evis i on's potentiali-
ties were largely based on faith , hastened to point out 
that the predictions of 1951 had not only become present-
day realities but had greatly exceeded the expectations of 
the most astute prophets . 
Growth and development of ETV . --It required a series 
1Martha A. Gable, "Television in the Classroom," 
School Executive , LXIX (April , 1950), 70-72 . 
2F . E . Brooker, "How Television Is Progressing in 
Schools," School Executive, LXIX (April, 1950), 67-69. 
3Ralph Steele, "Educational Television--1958 1" 
Educational Screen, XXXVII (December, 1958), 614-615. 
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of historical events to harness the power of television for 
educational use. The formation of the Joint Council on Edu-
cational Television, the allocation by the Federal Communica-
tions Commission of some 250 channels for non-commercial 
educational stations on a nation-wide basis, and the Ford 
Foundation grants produced the boom in instructional tele-
vision for all levels of education. With incredible ra-
pidity, educational stations spread across the country. 
Hopeful that the electronic screen would solve mounting 
school problems, efforts to evaluate television for in-
structional purposes systematically were accelerated. 1 
On the other hand, the difficulty for evaluation 
to keep pace with productivity has been noted by Kumata 
who stated: 
We need pioneers in any new field . There is 
danger, however, that the energies and talents of 
these pioneers may be dissipated on numerous by-
ways which will not produce fruitful results. It 
is here that research may perform one of its func-
tions.2 
Initial research in the instructional use of tele-
vision was conducted by the Armed Forces . Since the Ford 
Foundation, in the Fund for the Advancement of Education, 
has augmented its support, experimental programs now extend 
1Franklin Dunham and Ronald Lowdermilk, Television 
in Our Schools, Bulletin No . 16 (Washington, D.C.: United 
States Office of Education, 1952 [rev. 1956]), pp. 30-38. 
2Hideya Kumata, An Inventory of Instructional 
Television Research (Ann Arbor, Michigan: Educational 
Television and Radio Center, 1956), p. 1. 
to public schools as well as to colleges. Further incentive 
to research emanated from the inclusion by the Federal gov-
ernment of Title VII in the National Defense Education Act 
of 19581 which provided funds for research and experimenta-
tion in the educational uses of the "new media" including 
television . 
These deve l opments, in brief , marked the historical 
period of television . Whenever history has been made, the 
ensuing question becomes: What effects did the event have 
on the period? The answer has been recorded in research 
findings and evaluated by the many enthusiasts and the many 
critics . The following sections will treat of the results . 
The Comparative Effectiveness of TV Teaching 
with Other Media of Instruction 
Instruction via television . - - Students can learn as 
much information from instruction which has been transmitted 
to them via 21-inch television sets as they can from instruc-
tion transmitted by a teacher in a r egular classroom, by 
radio, and by films . Confidence in this statement has been 
bolstered by innumerable studies which have been carried on 
in institutions in every part of the country and at every 
level from elementary school to military training. Almost 
every conceivable subject has been taught via television in 
classrooms . 
1Kenneth D. Norberg, "The National Defense Education 
Act of 1958," Audio -Visual Communication Review, VI (Fall, 
1958), 301-306. 
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Television in the Armed Forces.--Emergencies in 
training led to interest in using the potentialities of 
closed-circuit television within the Armed Forces . Since 
1950 the United States Army has been developing the use 
of television to meet military training and informational 
requirements. The work of Kanner,l Runyon,2 and Desiderato3 
has produced important information. These investigators 
compared televised and regular instruction for fourteen 
selected hours of Army basic training . About 12,000 basic 
trainees were involved in the experiments. The results of 
their study have (1) indicated that television is as effec-
tive as conventional instruction for teaching a variety of 
subject matter; (2) demonstrated that motor skills such as 
machine-gun disassembly, radio alignment, and teletype re-
pair can be taught by television; (3) shown that televi-
sion instruction groups retain as much as regular instruc-
tion groups; (4) demonstrated that kinescopes can effec-
tively replace or supplement classroom instruction; and 
(5) proven that lower-aptitude groups learn more from 
1Joseph H. Kanner , et al. , Television in Army 
Trainin : Evaluation of Television in Arm Basic Trainin , 
Technical Report 1 , Human Resources Research Office 
(Washington, D.C.: George Washington University, 1954), 61 p . 
2Richard P. Runyon, et al ., "Factors Leading to 
Effective TV Instruction," Audio-Visual Communication 
Review, III {Fall, 1955), 264-273 . 
3otello L. Desiderate, et al., "Procedures for 
Improving Television Instruction," Audio-Visual Communica-
tion Review, IV (Winter, 1956), 57-63 . 
televised instruction. 
Another study by Kanner, Katz, Mindak and Goldsmith1 
compared the effect upon learning produced by thirty-eight 
hours of continuous television training over a five-day 
period with that produced by a similar period of regular 
classroom instruction. ''Minimal" television was employed 
in that little attempt was made to translate instruction 
into usual television techniques because of the theoretical 
nature of the basic electricity course . On the basis of 
immediate test results, the non- TV group was slightly but 
consistently higher than the TV groups. This result was 
inconsistent with previous experiments on t he comparable 
learning effect of both media . The d iscrepancy was felt 
to be attributable to differences in television presenta-
tion and the abstract content of the subject. However, 
because of the similarity of retention scores, the authors 
concluded that "minimaln television could be employed 
"intensively'' (at least for one week) without day-to-day 
losses in teaching effectiveness exceeding to any great 
extent those normally obtained with regular instruction . 
Further contradiction noted in the second Kanner study2 
1Joseph Kanner , Sanford Katz, William Mindak, and 
Peter Goldsmith, "Television in Army Training : Evaluation 
of Television for 'Intensive' Training and for Reducing 
Instructor and Student Training Time and Costs," Audio-
Visual Communication Review, VI (Fall, 1958), 255-291. 
2Ibid., pp. 263-266. 
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related to the achievement of the different ability levels. 
Unlike the significant difference favoring the TV-low apti-
tude men in a former investigation by Kanner and his asso-
ciates,1 the high-ability trainees were consistently superior 
to the low-ability traine es regardless of method of teaching . 
This result indicated that aptitude was the more critical 
variable determining learning and performance, and the in-
struction medium was of lesser importance. These later 
findings were more in agreement with the studies by 
Buckler, 2 the State University of Iowa,3 and Purdue Uni-
versity.4 
Additional supporting evidence was noted in a study 
by Jacobs and Bollenbacker5 with sixth grade pupils in the 
lKanner, et al., Television in Army Training, 
pp. 55-61. 
2william E. Buckler, "A College Teacher Looks at 
Television: Composition," Journal of Educational Sociology , 
XXXI (May, 1958), 346-352. 
3samuel L. Becker, James N. Murray, Jr., and Harold 
P. Bechtoldt, Teaching b:y the Discussion Method (Iowa City, 
Iowa: State University of Iowa, 1958), pp. 1-31. Samuel 
L. Becker, Carl A. Dallinger, Harry H. Crosby, and David 
Gold, Communication Skills: An E eriment in Instructional 
Methods Iowa City, Iowa: State University of Iowa, 19 , 
43 p . 
4w. F . Seibert, An Evaluation of Television Instruc-
tion in College English Composition, TVPR Report No. 5, 
Audio-Visual Center (Lafayette, Indiana: Purdue University, 
1958), pp. 1-35. w. F. Seibert, An Evaluation of Televised 
Instruction in College Freshman Mathematics, TVPR Report 
No. 6, Audio-Visual Center (Lafayette, Indiana: Purdue 
University, 1958), pp. 1-16. 
5James N. Jacobs and Joan K. Bollenbacker, "Experi-
mental Study of the Effectiveness of Television versus Class-
room Instruction in Sixth Grade Science in the Cinci~~ati 
Public Schools~" Journal of Educational Research, LII 
(January, 1959J, 184-189. 
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Cincinnati public schools . These investigators found the 
higher-ability groups learning more from television instruc-
tion than the other ability levels. 
Another instance in which television was found to 
be at least as effective as the regular medium in teaching 
military training subjects was reported by Rock, Duva, and 
Murrayl from their work with naval reservists. Also in-
eluded in their research was a comparison between televi-
sion and kinescope recording . Both proved equivalent as 
teaching tools . When Frank2 compared test scores obtained 
by Air Force pilot trainees, TV students scored signifi-
cantly higher than did the group receiving the same weather 
information by radio . 
From their extensive research program, the Armed 
Forces have demonstrated the flexibility of television in 
meeting training requirements by increasing class si ze , 
securing better utilization of good instructors, and show-
ing small objects . 
Television in higher education. --Well before organ-
ized inquiry into the application of television to teaching 
began, colleges and universities realized the unique advan-
1 R. T. Rock, Jr., J. S. Duva, and J. E. Murray, 
Training by Television: Comparative Effectiveness of In-
struction by Television, Television Recordings and Conven-
tional Classroom Procedures, NAVEXOS Special Devices Centerl 
U. S. Navy, Port Washington, L. I . (New York, n.d . ), pp. 1-2~ . 
2J . H. Frank, "An Evaluation of Closed Circuit Tele-
vision for Interceptor Pilot Training ," Dissertation 
Abstracts, XV (1955), 2060-2061 . 
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tages of TV in education. 
In 1954, under the auspices of the Ford Foundation 
in The Fund for the Advancement of Education, Pennsylvania 
State University entered into the most comprehensive re-
search program for the use and evaluation of instructional 
television in American Higher Education. Major findings 
as reported by Carpenter and Greenhill1 covered a wide 
variety of subjects and diversification of procedures . 
Results based on controlled comparisons between TV students 
and face-to-face instructional groups indicated that 
(1) there are no significant differences between students 
taught via closed-circuit television and those taught in 
the conventional manner; (2) no significant differences in 
students' achievement were found when proctors of varying 
status supervised TV classes; (3) students did as well in 
large TV classes as those in regular lecture classes; and 
<4) the several methods for providing TV teacher-student 
interaction either by an intercommunication system between 
TV classrooms and originating room or by rotation of stu-
dents through the originating room produced no measurable 
increments in learning . 
1clarence R. Carpenter and L. P. Greenhill, An In-
vestigation of Closed- Circuit Television for Teaching 
University Courses , Instructional Research Project No. 1 
(University Park, Pa . : Pennsyl vania University, July, 
1955), pp . 1-102. Clarence R. Carpenter and L. P. Green-
hill, An Investi ation of Closed- Circuit Television for 
Teaching University Courses, Report No . 2 University Park, 
Pa .: Pennsylvania University, Spring , 1958), pp. 1-110 . 
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Studies by Becker and others1 at the State University 
of Iowa have shown that the amount of material retained by 
students receiving classroom instruction in communication 
skills, American government, and modern literature was no 
greater than that remembered by those students receiving 
part or all of their instruction by television. 
Successive yearly evaluations of closed-circuit tele-
vision for teaching college courses at New York University 
presented by Pollock2 and by Klapper3 showed that learning 
by TV was about equal to learning by more traditional methods . 
In teaching a beginning typewriting course to 44 stu-
dents divided into TV and control groups, Pasewar~ determined 
that the television-trained students typed significantly 
faster than conventionally-instructed students. They also 
made fewer mistakes . It was concluded that televis i on i s an 
effective medium for typewriting for beginners . 
At Rensselaer Institute,5 a course in the understanding 
lBecker, Murray, and Bachtoldt, ol . cit., pp. 1-36. 
Becker, Dallinger, et al . , op . cit . , pp . -43 . 
2Thomas C. Pollock, Closed-C i rcuit Television 
as a Medium of Instruction New York: New York 
University, October, 19 
3Hope L. Klapper, Closed-Circuit Television as a 
Medium of Instruction at New York Universit 1 -1 
New York: New York University, 19 , pp. 1- 9. 
4william R. Pasewark, The Effectiveness of Television 
as a Medium of Learning Typewriting (Unpublished Doctoral 
Dissertation, New York University, 1956). 
5Joseph F. Throop, et al . , The Effectiveness of Labora-
tor Instruction in Stren th Materials b Closed-Circuit Tele-
vision Troy, New York: Rensselaer Polytechnic Institute, 
1958), pp. 1-41. 
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of mechanical behavior of engineering materials and struc-
tural elements was given . via closed-circuit TV and by the 
conventional laboratory instruction. In the analysis of 
data, TV proved equally suitable to achieving educational 
objectives as did the customary laboratory method. 
Tannenbaum1 tested live TV against other experimental 
conditions . A group of dentists were split into four sec-
tions. In addition to live TV groups , a second group heard 
the sound portion over a telephone hookup, while the third 
group used the manual, and the fourth group saw a kinescope 
version approximately one month later. The controls were 
exposed to none of these variations . 
Over-all finding s were that each of the experimental 
groups achieved better scores than the control group and all 
differences were significant except between the control and 
manual- only groups . In another Tannenbaum investigation2 
with medical students taking a course in physiology, students 
were divided into a TV group and l ecture group in the TV 
originating room. Tannenbaum hypothesized that TV gave 
"proximity" to the lecturer over the actual presence of the 
lecturer before students seated at the rear of the TV 
originating room. Results, although somewhat superior in 
1 Percy H. Tannenbaum, Instruction through Televi sion: 
A Comparative Study (Urbana, Illinois~ University of Illi-
nois, Institute of Communications Research, June, 1956) . 
2 Percy H. Tannenbaum, Instruction through Television: 
An Experimental Study (Urbana, Illinois: University of 
Illinois, Institute of Communications Rese arch , 1956) . 
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favor of TV, proved his assumption inconclusive. 
After three years of experimentation with offering 
college courses for credit via television in the Chicago 
City Junior College, Masiko1 reported that the off-campus 
TV students achieved higher scores in all courses and to a 
significant degree in biology . He also emphasi zed that the 
lack of supervision was not a deterrent to TV groups. 
Confronted with unprecedented enrollments and re-
duced ranks of qualified instructors, colleges and univer-
sities attacked the problem by developing and using the 
quantitative feature of television. Generally, the multi-
variant experiments which compared televised teaching with 
classroom teaching and other audio and visual media demon-
strated TV's effectiveness for instructional purposes. 
The talents of expert instructors were extended to 
large numbers of students . Mass testing programs proved 
successful. When the gamut of the curricula underwent in-
vestigation, most subject matter was l earned equally well. 
Finally, colleges reached beyond their confines to teach 
large audiences by the home-college-credit course. 
Television in the schools.--Research on the use of 
television in schools has been less abundant than that of 
either higher education or the military. It was one thing 
to teach an entire course in college, quite another to do 
1Paul Masiko, "What Research Tells Us about Teaching 
by Television," Nation's Schools, LXII (October, 1958), 
65-67 . 
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so in the public schools where there were a broader range 
of intellectual ability among students, a greater age dif-
ferential with its multiple variances and, it might be 
assumed, a generally lower level of motivation. Additional 
problems involved in fitting education into the modern phi-
losophy of the way children learn and into the self-contained 
school programs and schedules were more difficult than at 
higher levels. Physical arrangements and facilities of 
schools presented obstacles less obstructive to colleges 
and readily overcome by the military . In spite of these 
seemingly insurmountable problems, televised instruction 
has made permanent inroads into the American school system. 
Much of the early in-school televiewing had been of 
the enrichment, supplementary or extra type, not integrated 
directly with regular instruction . While these programs 
did much to provide a wide variety of learning experiences, 
they neither took the place of regular teacher time nor 
taught actual parts of the curriculum. 
The familiar situation of a critical shortage of 
qualified teachers faced school administrators plus a 
serious shortage of school buildings and facilities. Then, 
too, the rapid change in the amount and nature of what 
present-day children must learn forced immediate action. 
Amidst the search for remedial steps came the re-
ports of the military and college successful experimenta-
tion with TV teaching. Could the techniques of these TV 
practitioners be used in schools? Response to this query 
was made when the St . Louis Educational Television Commission 
and the St . Louis Public Schools petitioned the Fund to spon-
sor a television project . The plan consisted of direct 
teaching by t e levision without supplementation by the class-
room teacher to large classes up to 150. 
The St. Louis experiment began with televised les-
sons in ninth grade science and English composition over an 
open- circuit educational station. TV teachers, carefully 
selected from the St . Louis public school personnel, pre-
sented the lessons under the direction of professional 
studio technicians . Large TV classes met in improvised 
viewing rooms where one experienced teacher, assisted by a 
trainee, received assignments and supervised operations. 
The following year, spelling for grade two was added 
to the TV schedule. Televiewing conditions were the same . 
A report by Herminghaus1 described the outcomes. 
In general, science TV students did as well as a comparab le 
group taught in the conventional manner. There was some 
slight superiority on the part of the TV group in English 
composition; however, in second grade spelling, a differ-
ence favored the control group. Although the two spelling 
groups did equally well in a test of second grade words, 
regular classes made significant gain in words above grade 
level. An explanation for the greater achievement by 
1Earl Herminghaus, An Investigation of Television 
Teaching (St . Louis, Missouri: St . Louis Public Schools, 
September, 1956 and February, 1957), 61 p. (Mimeographed . ) 
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control classes suggested that large group television teach-
ing, geared to one level, failed to challenge the brighter 
child and to allow for additional help with the slower child. 
As a result of the St. Louis experiment, it was felt 
that televised instruction could not provide total teaching 
but needed some "follow-up activity" by the teacher present 
in the viewing room. 
No other single experiment in the use of television 
for teaching has created the educational stir caused when 
1 the Hagerstown Project, Washington County, Maryland, was 
launched in 1956. Many unique features set this experiment 
apart from all those that had gone before. Most significant 
was to be its magnitude. 
The Washington County Board of Education with the 
cooperation of Electronics Industry Association and The Fund 
for the Advancement of Educati on wanted to explore the full 
extent to which television could be of service to a school 
system. To achieve this aim, a closed-circuit television 
system was installed which would eventually connect all the 
county's schools. The distinct advantage of closed-circuit 
TV meant simultaneous telecasting of different programs 
rather than the usual one available over the open-circuit 
used in other school experiments. Thus, more televised 
lessons, covering a broad range of subjects and reaching 
1washington County Closed-Circuit Educational Tele-
vision Project, Teaching in Washington County, Progress 
Report {Hagerstown, Maryland: Board of Education, March, 
1959), 50 p. 
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many schools with thousands of pupils from primary grades 
through high school, were made possible. 
The integration and expansion of direct instruc-
tion by television has been a gradual process in Washington 
County. Through the teaching teams of TV teachers and 
classroom teachers, each with a specific function, con-
tinual subjective evaluation has been carried on in addi-
tion to the regular testing program. 
Has the teaching improved? In an interview between 
L. E. Buehring and Mr . W. M. Brish,1 Superintendent of 
Washington County Schools, the reporter sought the answer. 
The superintendent was optimistic but felt premature pre-
dictions should not be made . Final evaluation must wait 
until the end of the experiment; nevertheless, standardized 
tests have shown that TV classes have consistently achieved 
higher scores than control classes taught in the regular 
manner. This statement held especially true for arithmetic 
where television teachers have stressed concepts more than 
skills . A note of caution was interjected lest the achieve-
ment results be misinterpreted. If the gains were derived 
from TV programs and not a transitory reflection of the 
glamour and newness of the experiment, progress should 
then be sustained. The Hagerstown Project has approached 
the mid-point of the five year term with tentative but 
propitious signs . 
1L. E. Buehring and W. M. Brish, "Hagerstown Experi-
ment after Two Years," Nation's Schools, LXIII {February, 
1959), 83-86. 
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Among the early recipients of Fund grants for in-
school television teaching projects were Schenectady, 
Chicago, and Pittsburgh. Ambrosino1 and others reporting 
closed-circuit televising in Schenectady, found that high 
school students who received their instruction in English, 
chemistry, or mathematics by television learned as much as 
the non-television students. Similar findings were dis-
covered by Willis2 in mathematics and physics as well as 
by Englehart3 and others in physics when Chicago public 
high school students were taught these subjects by open-
circuit television in a comparison with those who were not. 
In Pittsburgh,4 after a year of televised instruction via 
open-circuit in fifth grade arithmeti c , reading , social 
studies, and French, and, in high school physics, tests 
were administered (except in French) to several television 
classes and regular classes. Results, somewhat inconclu-
sive because of inadequacy in equating comparison groups, 
lMichael J. Ambrosino, William H. Dunstan, and 
Bernard F. Haake, The Schenectady Experiment (Schenectady , 
New York: Schenectady Public Schools, 1956), 61 p . (Mimeo-
graphed.) 
2B. C. Willis , Evaluation Report of the Two Week 
Experiment of Direct Teaching on Television (Chicago , 
Illinois: Chicago Public Schools , 1956), 3 p . (Mimeo-
graphed .) 
3Max D. Englehart, et al . , Summary Report on the 
Instruction Experiment in High School Physics in the Chi-
cago Public Schools (Chicago, Illinois: Chicago Public 
Schools, 1957), 3 p . (Mimeographed.) 
4charles Hettinger, "What Television Can Do for 
Teachers and Students," High School Journal, XLI (February, 
1958), 152-157. 
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appeared to indicate that TV teaching supplemented by class-
room follow-up proved about as effective as non-television 
instruction . 
An impressive plan, submitted by Stoddard1 at the 
request of ~he Fund for the Advancement of Education, sparked 
the formation of the National Program in the Use of Televi-
sion in the Public Schools. He contended that television 
could be used as a powerful resource for the teaching of 
large classes. According to his arrangement, there would 
be substantial savings in classroom space and a reduction 
in the number of teachers, and, at the same time , improve-
ment in the quality of instruction. By a rotation system, 
children would receive part of their daily lessons by tele-
vision and the remainder in the regular manner. Specialist 
TV teachers would present lessons to large classes in sub-
jects like science, social studies, and health with supple-
mental teaching by the regular teacher. Skill subjects 
would be taught in smaller units by the regular teacher . 
Aides would assist regular classroom teachers in their dual 
role. This plan of alternating groups in the many subject 
fields could be applied to all grades. 
In 1957-1958, the nation-wide experiment involved 
nearly 40,000 students in more than 200 elementary and 
secondary schools. Participating school systems included 
lAlexander J. Stoddard, Schools for Tomorrow: An 
Educator's Blueprint (New York: The Fund for the Advance-
ment of Education, 1957), pp. 44-56. 
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Atlanta; Cincinnati; Dade County (Miami), Florida; Detroit; 
Jefferson County, Kentucky; Milwaukee; Norfolk; Oklahoma 
City, Philadelphia, and Wichita, and other school systems 
in Nebraska, North Carolina, and Oklahoma.l 
For the most part, the experiments followed the 
suggestions of the Stoddard plan making modifications and 
adaptations where needed. More than a score of different 
programs ranging from third grade conversational Spanish 
to twelfth grade physics were televised via open-circuit 
educational and commercial stations. 
Test results were based on comparisons made between 
TV experimental classes and non-TV control classes. Al-
though there was variation in statistical analysis of the 
data, stringent measures were taken either to equate ex-
perimental and control groups initially or to account in 
some way for differences between groups in order that 
legitimate comparisons could be made. 
In a summary report of all test results, the Fund2 
cited that of 110 comparisons made, 68 comparisons favored 
the TV students and 42 the control students. There were 
38 cases where the differences in achievement were statis-
tically significant; in 29 of these, the difference was in 
favor of the TV classes; and in 9, it was in favor of the 
control classes. 
1The Ford Foundation and The Fund for the Advance -
ment of Education, op. cit., p . 46. 
2 Ibid . , p • 54. 
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Cincinnati1 found that ninth grade pupils whore-
ceived instruction by television made significantly higher 
scores in biology than did those who were taught by conven-
tional methods. In sixth grade science, pupils of average 
and below average ability in conventional classes performed 
significantly better in a science test than did the TV 
pupils; whereas the above average groups showed no sig-
nificant difference. 
Wetter and Gable2 stated that in Philadelphia the 
majority of fifth grade TV pupils achieved as much or more 
than the conventional controls in science, social studies, 
and language arts. 
Concerning the Milwaukee experiment, Suchy and 
Baumann3 reported significant differences in favor of the 
.TV groups in high school biology, elementary science, and 
health and safety. 
In the analysis of the Dade County achievement 
data, it was noted that results were slightly unfavorable 
(Mimeographed.) 
3Robert R. Suchy and Paul C. Baumann, The Milwaukee 
E eriment in Instructional Television· The Evaluation Re-
ort for the 1 -1 School Year Milwaukee, Wisconsin: 
Mi lwaukee Public Schools, Division of Curriculum and In-
struction, 1959), 58 p . (Mimeographed.) 
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for all TV experimental groups in the elementary grades but 
the reverse occurred in the secondary schools. Hall, 1 how-
ever, suggested that, since both differences were statis-
tically insignificant, the experimenta l or control method 
was equally effective. 
Most recent members of the National Television Edu-
cat ional Project, Kansas City, Missouri, 2 and Southwestern 
Indiana Educational Television Council school systems) 
found, after their first year of experimentation, televi-
sion classes in the various grades learning as much, and, 
in some cases, more than regularly instructed groups . 
One of the relatively few studies done at the school 
level in which the medium of comparison for TV teaching was 
not regular instruction was reported by Barrow and Westley .4 
Four 15-minute news programs were presented simultaneously 
over radio and television to 228 sixth grade children in 
four public schools. On immediate post-testing , the 
1Joe Hall, Report of the Educational Television 
Pro'ect in the Dade Count Florida Public Schools Second 
Year: 1 -1 Dade County, Florida: Dade County 
Florida Public Schools, July , 1959), p. 14. (Mimeographed.) 
2James A. Hazlett, Report of the First Year: The 
Educational Television Project in t he Kansas City Public 
Schools (Kansas City, Missouri: The Kansas City Public 
Schools, 1959), pp. 7-10. (Mimeographed.) 
3Glen H. Traw and Everett M. Lenon, Testing Results, 
1 8-1 School Year Southwestern Indiana Educational 
Television Council Project Evansville, Indiana: SWIETV 
Council, 1959), p. 9 · (Mimeographed.) 
4Lionel C. Barrow , Jr. and Bruce H. Westley, "Intel-
ligence and the Effectiveness of Radio and Television," 
Audio-Visual Communication Review, VII (Summer, 1959), 
193-208. 
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television version was significantly more effective in trans-
mitting factual information than the radio version. Six 
weeks later, on a delayed test, the difference was no longer 
significant. 
Although, for almost ten years, television has been 
in use in some public schools, until very recently, no 
valid, documented data had been obtained to verify its 
actual worth. Today, extensive research projects, investi-
gating television teaching for school purposes, are in 
progress. Fund and Foundation-supported experiments as 
well as other programs are seeking evidence of effective 
teaching and learning by television . To date, the results 
have shown that television can be used to do the traditional 
job of education, and to do it well. 
The majority of school experiments, like those con-
ducted by the military and colleges, are testing the effec-
tiveness of television for teaching large groups so that 
the services of teachers can be multiplied. Current find-
ings, in this regard, have indicated that groups taught in 
large classes by telev ision learn as much subject matter 
as do their counterparts in regular classrooms by conven-
tional methods. Any conclusions as to the total effects 
of mass teaching by television for school children must be 
withheld for the final outcomes of these experimental pro-
grams. 
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Evaluation of instructional television research.--
The data reported in the studies reviewed appear to justify 
the following generalizations . 
1. Television is an effective medium of instruction. 
2. In comparison with other media, television has 
about equal teaching potential. 
3. Most subject matter can be successfully taught 
via television. 
4. Instructional television is remembered by those 
who experience it. 
5. Variation in method of presenting information 
by television, that is, by lecture, interview, 
and panel discussions, produces insignificant 
changes in the over-all effect of TV teaching. 
6. Provision for intercommunication between TV 
instructor and student makes no significant 
difference in learning. 
1. Variations in viewing--audience situations re-
garding size, proximity to TV instructor, on-and-
off campus (school) viewing, or any combination 
of these factors--have relatively little effect 
on achievement. 
These observations can be noted in Kumata's comprehensive 
review1 of television research which, primarily, discussed 
the work completed by colleges, universities, and the Armed 
Forces . (The inventory was antecedent to school experi-
ments .) Concerning the studies which have been made, 
Kumata commented, "On the whole, the quality is disappoint-
ing."2 At this point, he referred to a previous enumeration 
of the reasons which included: (1) the cost of producing 
1Kumata, op. cit., pp. 5-30. 
2 Ibid . , p. 3. 
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and servicing a television course often precluded good re-
search; (2) the ambivalence at times on the part of sponsors 
• 
regarding criteria upon which to measure effectiveness; and 
(3) the difficulty in controlling extraneous variables for 
research. The author continued: 
A great deal more is due to lack of careful 
planning in executing evaluation . The most syste-
matic and perhaps the best studies have been those 
which have been sponsored by t he military and sup-
ported by foundation grants . In these cases, how-
ever, the controlling personnel have been researchers 
and almo~t all of the studies have been closed-
circuit . 1 
In a review of similar TV research, Allen2 pointed 
out the same general attributes characteristic of instruc-
tional television but offered no critical estimate of the 
studies on which they were based . 
Some of the major portion of school experimenta-
tion has been sponsored by the Ford Foundation and The Fund 
for the Advancement of Education. The report, published by 
this organization, provided the most complete review of the 
TV research in the schools . This report has not analyzed 
the data; instead, it has summarized the accomplishments 
and findings of the various projects . Results, as of now, 
corroborate the general features of instructional televi-
sion ' s effectiveness. Siepmann, 3 in his appraisal of the 
lrbid . 
2Allen, op. cit . , pp. 25-30 , 55-5? . 
3charles A. Siepmann, National Program in the Use of 
Television in the Public Schools: Some Reflections on the 
First Year (New York: The Fund for the Advancement of Edu-
cation, June 10, 1958), p . 6. (Mimeographed.) 
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National Program in the Use of Television in the Public 
Schools, criticized the evaluators in the experiments for 
their failure to participate in the planning stages of 
projects: they should direct the formulation of any clear 
hypothesis or any true experimental design for comparative 
evaluation. 
An important issue had been raised by Carlel about 
the current research in school broadcasting when so much 
of it comes from a single source (The Fund for the Advance-
ment of Education) . He warned against the danger of giving 
undue emphasis to certain theories of educational broad-
casting, such as the use of educational broadcasting to 
large classes for more economical utilization of teachers 
and for the improvement of instruction. Of the same opin-
ion, Hoban2 has questioned the development program in edu-
cational television whereby confusion has been introduced 
into the research by considering together two problems 
that, at this time , are best considered independently. 
The problems are : first , the expectation that ETV research 
will deliver an unequivocal decision that the quality of in-
struction will be increased by the interposition of a TV 
communication system; and, secondly, the expectation that 
lwayne M. Carle, "Needed Research in School Broad-
casting," Educational Research Bulletin, XXXVIII (May, 
1959), 120- 130. 
2charles F . Hoban, "Hope and Fulfillment in ETV 
Research1 " Audio- visual Communication Review, VI (Summer, 1958) , lt>5-171. 
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ETV research will also, and at the same time, deliver a 
positive demonstration of savings in the unit-coat of in-
struction. As long as these two problems are compounded, 
Hoban felt the expected results of ETV research were likely 
to exceed the results that research could deliver at this 
stage of the art of ETV . Consequently, ETV research, not 
television , will be suspect . 
According to Beck,1 most of TV research must be 
classified as quantitative since the vast number of its 
studies have explored and demonstrated how well instruc-
tion can be extended to large numbers who require teach-
ing . Researchers have been forced in this direction by 
educators whose prime interest concerned the effectiveness, 
appropriateness , acceptability, and feasibility of televi-
sion to meet their problems . As a result, experiments have 
been duplicated, over and over again , in each course, each 
educational system, every school system or institution. 
Repeatedly , results have provided the proof to educational 
administrators; yet, they still demand more of the same 
evidence for the same questions . 
An example of this attitude was noted in a report 
by Klapper . 2 A questionnaire, designed to ascertain 
1Alfred D. Beck, "Understanding the Results of ETV 
Research," NAEB Journal, XVIII (April, 1959) , 8-9, 15-20. 
2Hope L. Klapper, "Prevalent Interests and Concerns 
in the Fiel d of Televised Instruction," Journal of Educa-
tional Sociology, XXXII (May, 1959), 437- 451. 
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prevalent interests and concerns in the field of televised 
instruction, was sent to educational institutions where the 
medium was in use. The educators were asked to list prob-
lems which they felt needed investigation in the interest 
of more effective use of television in instruction. When 
the responses from 89 colleges and 30 public schools were 
checked, it was found that the chief concern was again 
the old concern--more studies of the relative effective-
ness of televised and conventional instruction; TV with 
and without discussion groups ; TV with and without in-studio 
groups; and, TV with and without production aids. 
Hobanl compared the present status of TV research 
with that experienced by radio and motion pictures when so 
much effort was spent on comparative effectiveness studies 
during their period of development. In historical perspec-
tive, much of this effort appears to have been wasted. Un-
less the designers of research begin to redirect present 
goals , television will eventually succumb to the pitfall 
of its predecessors. Therefore, the basic question for re-
search is not whether instructional television is equal to, 
less or greater than conventional teaching . Rather, the 
question should be: What are television and conventional 
media respectively best suited for; and, how can they be 
combined to produce optimum results? 
1Hoban, op. cit., pp. 166-167. 
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Newburnl also recognized the responsibility of re-
searchers to determine how television can be combi ned with 
more traditional approaches to learning for greatest pro-
ductivity . 
Beck2 cautioned educators in their interpretation 
of "no significant differences" in the effectiveness of 
conventional and televised instruction . Although this re-
petitive finding has been based on a wide range of sampling 
of different subjects in controlled studies and established 
for an impressive list of courses, it should not be assumed 
that televised instruction is equally effective for all 
kinds of specific teaching-learning functions. The problem 
of defining specific teaching-learning functions and of de-
termining how television may relate to them has not yet 
been done systematically. Researchers need no longer com-
pare televised instruction, but should explore television 
utilization for itself, and, thereby, discover the factors 
which operate with television to promote more effective 
teaching-learning interaction. 
New directions for TV research have been sugge sted 
by Greenhill.) First consideration was given to improvement 
of experimental designs . Even though there has been exten-
1H. K. Newburn, 11Television and the Future of Educa-
tion," Educational Forum, XXII (May, 1958), 389-399· 
2Beck, op . cit., p. 18 . 
3L. P . Greenhill, "New Directions for Communication 
Research?" Audio-Visual Connnunication Review, VII (Fall, 
1959) , 24-5-253. 
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sive evaluation of the use of television under relatively 
rigorous design, in looking over the research he noticed 
one of the basic requirements for applying a test of sig-
nificance had been omitted--that of randomly-assigned sub-
jects to the several treatments. The application of this 
procedure was stressed in order that any biases affecting 
the experiment would have an equal opportunity of affect-
ing each method. Greenhill attributed the parade of non-
significant differences to the type of design used in the 
comparison experiments. This finding was considered an 
indication that television can be successfully used to 
penetrate the quantity and distance barriers of education, 
because, in most of the comparisons , large numbers have 
been taught by television. The weaknesses of current ex-
periments were designated as twofold: designs with single 
variables wherein effects were too small to have any marked 
influence on learning; and, designs with two variables 
wherein it was impossible to decide which was producing the 
effect, or whether t here was any interaction. For these 
reasons, Greenhill stressed the need for more complex de-
signs in which the control group would receive a certain 
treatment and the experimental groups the s ame treatment 
plus other positive variables. With the more complex de-
sign, research could then begin to concentrate on develop-
ing more effective ways of using television and to evaluate 
the relative effectiveness of these different ways. Thus, 
by random assignment of students in a complex design, the 
breakthrough in the quality area of televised instruction 
would be forthcoming . 
The chief criticism of experiments in televised in-
struction has been the rigid adherence to a pattern . There 
has been little progress beyond the establishment of the 
effectiveness of television instruction in comparison with 
conventional media . What now needs to be studied is how 
to improve an acceptable instruc t ional tool by setting 
television in a design with other pertinent variables for 
more sophisticated research . 
Since the research area for discovering more effec-
tive ways to use television was ripe for investigation, 
this study appeared to be timely and worthwhile. 
The Function of Television in 
the School Program 
Television as a classroom tool . --Used in the class-
room, television can be a powerful means of communicating 
knowledge and skills helping to provide pupils with an im-
proved learning environment. Exposure to television does 
not of itself constitute education . It is up to the edu-
cator to bring its vast potentialities to fruition. The 
danger of misuse as well as the values of potential good 
are the responsibility and concern of the teaching profes-
sion as it applies the tool . 
Contributions of television in instruction . --From 
the experience of practitioners and the assessments of 
observers, the following notations represent the consensus 
of the positive applications of television in schools. 
1 . Television can be used to provide motivation 
and stimulation, to demonst r ate processes, 
and to provide information and experiences. 
2 . Television can intensify the learning process 
because of ita bisensual effects . 
3 . It breaks through time and space to bring 
people , objects, and events, usually inaces-
sable, to the classroom. 
4. The talents of the highly-competent, especially-
trained teacher, coupl ed with well prepared 
lessons, are spread over the largest possible 
number of classes . 
5. It provides a special cent ral point for con-
centration for group instruction and thus 
impl ements the development of sustained atten-
tion (conducive to good study habits), careful 
observation, and attentive listening . 
6. Television l essons can use materials and 
equipment that are too costly or difficult 
to obtain for each classroom. 
7 . It has dramatic power to focus on the topic 
at hand and provide close -up or broad pat-
terns of the same subject. 
8 . By its diversity and pre s entation of experi-
ences new to them, television challenges pupils 
to assume more responsibility for their own 
learning and to carry on in- school and out-of-
school educational activities and projects . 
9. It enables pupils to share the same experience 
at the same time. 
10 . Television shows classroom teachers how to use 
a wide variety of materials and techniques. It 
can perform in-service training and pre-service 
training for schools of education.l 
1The Superintendent's Viewpoint on Educational Tele -
vision, Region I , Conference of the NAEB (New York: Thomas 
Alva Edison Foundation, March, 1959), pp. 3- 23 . "Televi-
sion in the Schools," High School Journal, XLI (February, 
1958) , 142-220 . Harry J . Skornia, "Educational Television 
in Education," Educational Screen , XXXVIII (December, 1959), 646-647 . George D. Stoddard, 11 Power of Television in 
Clearly, television has significant potential for 
contributing to the learning process at many points and for 
benefiting the school program. There remains another pos-
sible use for television lessons . Television, as the mo-
tivator and stimulator, has been recognized; but experi-
mentation with the instrument for clarification, reinforce-
ment, and review of learning has yet to be done . W1gren1 
has suggested the use of television at one time for motiva-
tion; and , at another for review. This concept of TV 
utilization has been employed in the present study where 
it was hypothesized that the relative position of the TV 
lessons (initial vs . terminal use) would produce differen-
tial gain in learning . 
Much importance has been attached to the increase 
in pupil activities as the result of television instruc-
tion . Since the television instruction is experienced in 
common, the question arises as to whether class or indi-
vidual-pupil projects promote greater learning . In this 
investigation, both class-unit and individual-pupil par-
ticipation have been checked. 
Limitations of television in instruction . --As an 
instructional tool, the strength of television is determined 
Teaching," Educational Screen, XXXVII (June, 1958), 284-285 . 
Television in Instruction: An Appraisal (\'l.'ashington, D.C.: 
National Education Association, Department of Audio-Visual 
Instruction, 1958), pp . 7-22. 
1Harold E . Wigren, "TV Power Tool for Teachers," 
NEA Journal, XLVIII (February, 1959), 28-29 . 
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by its limitations. The inadequacies most commonly pointed 
out were: 
1. Individual differences cannot be recognized or 
provided for by television instruction. 
2 . Television cannot provide for the give and take 
pupil- teacher relationship via open-circuit, and, 
at present , it continues to be unsatisfactory 
over closed- circuit . 
3. Television cannot provide for the cooperative 
approach in which lessons and activities are 
centered around pupil participation with the 
t eacher and thus reduces students to passive 
recipients of knowledge . 
4. The screen cannot assess the reactions of the 
learners to the material being presented. 
5. Television breeds standardization and uniformity 
of i~struction with one teacher for mass teach-
ing . 
Television is primarily a one-way communication . 
By its very nature it is limited to exposition. It cannot 
offer opportunities for interaction so essential to learn-
ing . Studies2 conducted with college students failed to 
point out the significance of student-teacher contact . 
Wisely considered, these findings do not discount the 
1vivian Powell, "Here's How Teachers Look at TV," 
NEA Journal, XLVI (November, 1957), 506. Paul C. Wermuth, 
11Some Weak Spots in Teaching by Television," School and 
Society, LXXXVI (March, 1958), 127- 129. The Superintend-
ent's Viewpoint on Educational Television, pp. 27-28. 
Werner E. Stickel, 11How Effective Is Teaching with Tele-
vision?" Instructor, LXIX (January, 1960), 4. 
2sheldon C. Tanner, "Experiments in Teaching by 
Closed-Circuit Television," School and Society, LXXXV 
(June, 1957), 229-230 . Hope L. Klapper, "Does Lack of 
Contact with Lecturer Handicap Televised Instruction?" 
Journal of Educational Sociology, XXXI (May, 1958), 353-
359 . 
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importance of this relationship for children . Taken in 
balance, television has much to offer, but cannot do the 
total job. As an educationa l tool, it requires the skill 
of every classroom teacher to fully develop and extend its 
function in education . 
The Role of the Classroom Teacher 
Television and the classroom teacher . --On several 
occasions, Levensonl has stressed the key position held by 
the classroom teachers in the instructional concept of 
television. The value of the programs depends, to a large 
extent, ' on the use the teachers make of them. Generally, 
to assimilate the full meaning of television instruction, 
young children need help from their classroom teachers. 
Wigren2 contends that television, used by itself 
without the teacher, makes only a minimal contribution to 
education. It makes its maximum contribution when it is 
used widely and effectively by the classroom teacher in 
response to the teaching purpose or learning need. 
What have the classroom teachers been doing during 
the TV experimental projects? Because of their status, 
varying from an appendage to a telecast to an active mem-
ber of a tea ching team, there appeared to be no perceivable 
notion as to their exact position. Unlike the TV teacher 
lwilliam B. Levenson, "TV in the Classroom," 
NEA Journal, XLII (December, 1953 ), 562. 
2Harold E. Wigren, "ETV: The Story Up to Now," 
NAEB Journal, XVIII (May, 1959), 3-6, 44-48 . 
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whose qualifications and requirements have been the thesis 
for much research, 1 little has been done to identify the 
classroom teacher's purpose in television instruction. 
In the St. Louis experiment, where direct teaching 
by television without further classroom extension of the 
lessons was the procedure, regular teachers, for the most 
part, performed mostly clerical tasks . The unfavorable 
outcomes of the experiment at the elementary level signifi-
cantly indicated the need for mor e active participation by 
the regular classroom teachers . Although colleges have 
achieved satisfactory results with direct television methods, 
it must not be postulated for chil dren on the basis of re-
sults obtained with college students . 
Regarding the classroom teacher in the National Pro-
gram in the Use of Television in the Public Schools, Seipmann 
stated: 
Perhaps no sing le problem ne eds more intensive 
further study than this one . Despite heroic efforts 
by many classroom teachers, some remain confused as 
to their role and some restive in their novel assign-
ment . Why? It is urgent that we seek out and, where 
possible , remove the causes . 2 
He felt the problem stemmed from confusion as to the 
specific role for classroom teachers. In one situation, 
1George A. Kelley, "Television and the Teacher," 
American Psychologist, X (October, 1955), 590-592 . John A. 
Morrow, "Teaching by Television," Illinois Education, XLIII 
(January , 1955) , 168- 171. Vernon Bronson, 11What Is Tele-
vision Teaching?" High School Journal, XLI (February, 1958), 
202-205. 
2 Siepmann, op . cit ., p . 25. 
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essential teaching is carried on by the studio teacher; the 
tasks of the classroom teacher being restricted to brief 
review, quizzes, and project supervision. In another situa-
tion, teaching is the cooperative responsibility of studio 
and classroom teachers. The first position subordinates 
the classroom teacher and wastes resources; the second, 
blends teacher talents and unites and extends television 
and classroom teaching. 
The Washington County (Hagerstown) exper1ment1 has 
developed this concept of studio-teacher relationship in 
their teaching teams. In workshops, studio and classroom 
teachers have set up their objectives, clarified their 
functions as to which would be better performed on tele-
vision and in the classroom, and constructed general out-
lines for subject areas . Continual contact is maintained 
by feedback sheets and periodic meetings where lesson plans 
are received and innovations made . By means of the team 
approach with large classes, studio teachers teach the les-
sons and classroom teachers provide motivation and enrich-
ment of the programs whenever feasible. Hagerstown school 
administrators2 believe the combination of well planned 
and skillfully presented TV lessons with carefully directed 
classroom support makes television instruction complete. 
lwashington County Closed-Circuit Educational Tele-
vision Project, op. cit . , pp . 5-7 . 
2The Ford Foundation and The Fund for the Advancement 
of Education , op . cit . , p . 43 . 
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Ames,l on the other hand, found that preparation or 
follow-up teaching by classroom teachers seemed ineffectual 
with groups of 80 or more . Even exceptional teachers were 
handicapped handling large numbers of students. His conclu-
sions were based on a survey of educational television in 
ten different cities . 
Aside from the issue of l arge classes, educators 
have expressed their concern about the relationship of 
c l assroom teachers to the effectiveness of a televised 
course . In the Klapper survey,2 they indicated this area 
to have been a relatively neglected one in TV research. 
Training of classroom teachers for instructional 
television.--Usually the workshops which have been conducted 
in the major school TV experiments have dealt with organiza-
tional tasks and lesson plans . Essentially operational, no 
special training benefits were accrued by participant 
teachers . The degree and kind of training required by 
regular teachers needs thorough investigation . Lewis3 
has recommended workshops that demonstrate the production 
and utilization aspects of telecasting . Classroom teachers 
exposed to this experience are better equipped to incorporate 
1Maurice U. Ames, "Advantages and Shortcomings: 
Teaching Science by Television, " Education Digest, XXV 
(December, 1959), 38- 40 . 
2Klapper, "Prevalent Interests and Concerns in the 
Field of Televised Instruction," pp. 437-451. 
3Philip Lewis, "TV Workshops for Teachers," Audio -
Visual Instruction, II (February, 1957), 40-41. 
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television lessons with related teaching. Equally important 
may be workshops which equip teachers with subject-matter 
proficiency so that the high quality of telecasts can be 
maintained in classroom instruction. Then again, no special 
training may be required. By observing the expert teacher 
and by continued practice in the use of television, the 
teachers can acquire a kind of non-the-job training n suffi-
cient for their needs. 
Classroom instructional procedures for television.--
In general , preparatory and follow-up teacher activities 
have consisted of a brief introduction and post instruction 
on topics germane to the TV lesson. Study guides or course 
outlines have been reference points discretionally employed 
by teachers. Other methods should be investigated to 
evaluate properly the most efficient procedure for class-
room teaching. Perhaps improved instruction depends on 
total direction by a study guide for maximum conformity 
with the TV lessons. An alternate plan would eliminate 
guides thus permitting the teacher to initiate and develop 
lessons independently. 
The role of the classroom teachers must be recog-
nized; their requirements defined; and their teaching pro-
cedures designated. The kind of training and method of 
classroom teaching have been studied in this experiment to 
determine more effective techniques for integrating televi-
sion with classroom instruction. 
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Science Instruction by Television 
Science and TV . --Through the years of the rise of 
home televiewing, the educational programs most frequently 
watched by children were the science telecasts . Popularity 
of science via TV was noted by Spauldingl from the number 
of science programs regularly scheduled over hundreds of 
TV stations . 
When children were interviewed by Nelson2 concern-
ing their source of science information, television was 
given equal credit with school for being an important source 
of science knowledge . 
When television sets brought science into the class-
room, children were already favorably disposed to the medium 
and the materials . Campbell) and Yanowski,4 veteran science 
TV teachers, have observed that television is a natural 
medium for science . Schools now have eminent scientists 
performing experiments in classrooms . The audio and visual 
powers of TV are stimulating forces for science learning. 
As a result children engage in science projects at an un-
precedented rate . This estimate of the effectiveness of 
1Kenneth L. Spaulding, "Science on the TV Screen," 
Journal of Education, CXXXVI (October, 1953), 14-15. 
2pearl A. Nelson, The Acquisition of Concepts of 
Light and Sound in the Intermediate Grades (Unpublished 
Doctoral Dissertation, Boston University, 1957J . 
3Marjorie H. Campbell, "Teaching Science by Televi-
siont" Elementary School Principal, XXXIII (September, 
1953}, 204-210 . 
4Barbara Yanowski, "Teaching Science by Means of 
Television," Science Teacher, XXV (November, 1958), 406-407. 
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science lessons via television has been confirmed by class-
room teachers who considered science telecasts superior to 
all others .l 
Draper2 found television particularly suited to 
biology courses, an area in which l ack of adequate equip-
ment and experimental materials often limit good teaching . 
Television provides each student with a powerful micro -
scope. In addition, live animals and plants can be used 
in demonstration or viewed in their natural habitats. 
Program logs from local communities show science 
to be the subject most frequently included in school TV 
programs. Still further recognition of the subject and 
its adaptability is to be found on the program fare of the 
Educational Television and Radio Center, distributors of 
TV series. 
Reports from schools in the National Program for 
Television and other Fund-supported TV projects indicated 
that elementary science programs have been improved sub-
stantially through television instruction.3 
From kindergarten through college, TV experiments 
in teaching science have demonstrated the effectiveness of 
1Mildred C. Letton, "ETV: The Experiments Go On," 
Elementary School Journal, LIX (December, 1958), 123-127. 
2Benjamin Draper , "Science Education through Tele-
vision," National Association of Secondar School Princi-
pals Bulletin, XXXVII January, 19 3 , 1 9-1 
3The Ford Foundation and The Fund for the Advance-
ment of Education, op. cit., p . 43. 
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the medium for the subject . Reinerl found TV programs most 
useful in teaching science to primary school children. The 
Continental Classroom,2 a national college-home credit tele-
cast , has been instrumental in upgrading high school science 
by providing teachers with in-service training in science . 
In this age of science , television, if properly used, 
improves the quality of instruction, brings real life to 
science teaching, extends instruction to more schools, and 
motivates youth to undertake science careers . 3 
Recapitulation 
As an instrument of instruction, television has been 
generally recognized and accepted on a basis comparable with 
regular classroom teaching . Empirical evidence gathered 
from a vast number of experimental studies substantiates the 
use of television within the academic range of ages and sub-
ject areas . 
As to its effectiveness , television, more than other 
new instructional methods, has been subjected to intensive 
and extensive examination . As a result, replication of TV 
1William B. Reiner, "The Effectiveness of a Televi-
sion Series in Improving Kindergart en to Grade II Science 
Teaching Programs?" School Science and Mathematics, LIX 
(May, 1959), 397-~08 . 
2stanley K. Derby, "Continental Classroom: An Ex-
periment in Educational Television, " School Science and 
Mathematics , LIX (November, 1959), 651-659 . 
3John D. Woolever and Sanford Glovinsky, "Evaluating 
Educational Science Television Programs," Metropolitan 
Detroit Science Review, XXX (May , 1957), 32-33 . 
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classroom studies has become excessive to a point of actual 
wasteful research. Unless areas of investigation are ex-
panded, the medium will have reached an educational impasse . 
The fact that research has compared and established 
the effectiveness of television and classroom instruction 
implies the logic of next testing their combined signifi-
cance. The determination of a more effective utilization 
for instructional television depends on how the telecast 
is used in the classroom. The importance of classroom 
teachers as integrators of telecasts warrants careful study 
of their training and related instructional activity . The 
most suitable kind of pupil projects for instructional tele-
vision presents another problem for research. It was the 
purpose of this study to appraise the relative effect of 
each of t hese factors on achievement, and, eventually, to 
provide educators with improved techniques for instruc-
tional television. 
Sponsorship by the federal government is highly 
indicative of the need for this kind of research in school 
telecasting. But, over and above the investigation of bet-
ter utilization of television, this project marks the ad-
vance of in-school TV research beyond its present stereo-
typed design to more prolific experimentation. 
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CHAPTER III 
PROCEDURE 
Construction of Preliminary 
Measuring Instruments 
The investigation of the problem involved the con-
struction of an information test and a vocabulary test to 
establish the achievement status of the study population 
as a result of the present experimental design for the use 
of television in teaching elementary school science. 
Content of the achievement tests was selected on 
the basis of analysis of textbooks, courses of study, pro-
fessional literature in the field, and the natural science 
television series developed for this experiment. Each test 
was subjected to rigorous preliminary experimentation in 
seven schools throughout eastern Massachusetts. The items 
retained in the final forms were those which discriminated 
effectively at the fifth grade level where this research 
study was conducted. 
Identification of Item Content Criterion 
The study and analysis of instructional materials.--
The preparation of test items was preceded by a thorough and 
systematic examination of the relevant sources for science 
information and vocabulary. These sources were the TV pro-
grams , the basic science textbooks with teacher manuals, 
and appropriate supplementary science readers currently in 
use within the school systems affiliated with this project . 
The biological principles and their applications as 
presented by Simpson, Pittendrigh and Tiffany1 furnished 
the general basis for television instruction . Basic ele-
mentary science textbooks and teachers' manuals2 were cross-
checked to ascertain the degree of conformity with the tele-
lessons concerning content coverage and subject treatment. 
Supplementary science reference books3 were similarly pe-
rused . Results corroborated the general uniformity of 
natural science topics covered, and provided the content 
area for both the science information and vocabulary tests . 
On the basis of information gathered, an outline 
of the area to be covered was drawn up . The biological 
1Simpson, Pittendrigh and Tiffany, op . cit., 818 p. 
2Gerald S . Craig and Katherine E. Hill, Adventuring 
in Science (Boston: Ginn and Company, 1958), 456 p . 
Herman Schneider and Nina Schneider, Science in Our World 
(Boston: D. C. Heath and Company, 1956}, 346 p . George 
W. Frasier, Helen D. MacCracken, and Donald G. Decker, 
Doing Experiments (Syracuse, New York: The L. W. Singer 
Company, Inc ., 1955) , 383 p . Warren W. Knox, George 
Stone, Morris Meister, and Dorothy Wheatley , The Wonderworld 
of Science , Book Five (New York: Charles Scribner's Sons, 
1950), 264 p . Walter A. Thurber, E8)loring Nature , Five 
(Boston: Allyn and Bacon, Inc., 195 , 328 p . -
3Bertha M. Parker, The Golden Treasury of Natural 
History (New York: Simon and Schuster, 1952), 212 p. 
Bertha M. Parker, Basic Science Education Series (Evanston, 
Illinois: Row, Peterson and Company, 1941- 1950). 
Roger T . Peterson (editor), The Peterson Field Guides 
(Boston: Houghton Mifflin Company), ser . 1-12. Audubon 
Nature Bulletin (New York, National Audubon Society, 
1130 Fifth Avenue, New York). 
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principles integrated in the TV series plus the specificity 
of individual programs, which were inclusive of classroom 
instruction because of the latter's dependent position, be-
came the genesis of ideas . Test items were then prepared 
to meet the requirements of this blueprint . 
Structure of the Tests 
Science Information Test.--Items were designed in 
the multiple-choice of response . Lindquist1 recommends 
this form of short-answer items in preference to other types 
which often have inherent weaknesses and are less adaptive. 
Four alternatives were set up from which to select the 
answer . 
Variations in the multiple-choice form were employed. 
Some examples are: 
Answer Sheet 
a b c d 
1 . Leaves turn toward the 1. " " " X 
a. soil 
b . water 
c. warmth 
d. light 
2 . Which of the following is fed 2 . " " X " 
on milk produced by the mother? 
a . The hen 
b. The eel 
c. The grey squirrel 
d . The ostrich 
Which of the following does not 3. " X " " belong to this ~roup? 
a. The pine ree 
3. 
b . The oak tree 
c. The juniper tree 
d. The fir tree 
lE . F. Lindquist (editor), Educational Measurements 
(Washington, D.C.: American Council on Education, 1950), 
P· 195. 
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Six separate tests, designated as Forms A, B, C, D, 
E, and F were arranged from the pool of 190 items developed . 
The purpose of the breakdown into a thirty-item plan was 
twofold: (1) to permit commensurate coverage of fundamental 
natural science processes to be measured and (2) to allow 
examinees sufficient time to attempt all items. 
Science Vocabulary Test . - - It would have been impos-
sible to provide science information without using scientific 
terms . Necessary for proper development of science concepts 
introduced by the television programs and classroom lessons 
was a basic science vocabulary. Systematic vocabulary-
building devices were regularly employed to aid pupils in 
gaining adequate control of new science words and to help 
them in applying these terms for purposeful learnings. Be-
cause of the functional feature of vocabulary in science 
achievement , an evaluation of word meaning was constructed. 
Two tests, Science Information and Science Vocabulary, 
afforded more complete coverage , giving comprehensive 
measurement of the total science teaching. 
A word association technique, as devised by McLain, 1 
was adapted for use with science vocabulary items by Amirian.2 
1Katherine McLain, The Construction and Evaluation of 
a Word Association Test of Non-Academic Achievement for Pre-
High School Pupils (Unpublished Doctoral Dissertation, 
Boston University , 1961). 
2Girard Amirian, A Study of the Retention by Elementary 
School Children of Science Achievement Material Presented in 
an Integrated Program of Science Teaching by Television and a 
Study of the Stability of Changes in Interest and Attitudes 
toward Science Conse uent to the Presentation of Such a Teach-
in~ Pro~ram Unpublished Doctoral Dissertation, Boston Univer-
si y, 1 61,. 
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The vocabulary test embodied a unique approach to the measure-
ment of word meaning , which went beyond the mere selection of 
a synonymous category for the stimulus word and required evi-
dence of genuine understanding of both the multiple classi-
fications and the concept implied by the stimulus word. 
For the experimental tryout, there were two forms, 
each of which consisted of two sections with seventy-five 
words to be classified in one of five categories. Associa-
tive categories in the first section described five charac-
teristic groups while those in the second section indicated 
f i ve biological structures and functions. The following are 
illustrative of item composition. 
Section 1 
A- Animals 
B- Birds 
F- Flowers 
R- Rocks, ores and minerals 
T- Trees 
Section 2 
P- Plants 
V- Vertebrates 
I- Invertebrates 
N- Nutrition 
R- Reproduction 
Answer Sheet 
A B F R 
opal 
II II II X 
plum 
" " " " heron 
" X 
If 
" hyacinth 
" " X " lynx 
X " " " 
p v I N 
digestion 
" " " X fly 
" 
II X 
" hatch 
II II II II 
moss 
X II 
" 
II 
snake 
" X " " 
T 
" 
X 
" 
" 
II 
R 
" 
II 
X 
II 
" 
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Reading level of instr uments .- -The science informa-
tion items were carefully developed in regard to reading dif-
ficulty and subject matter comprehension. The judgment of 
elementary school teachers was used as were the opinions of 
a graduate seminar in determining the suitability of lan-
guage expression . 
The vocabulary was checked against t he Rinsland1 and 
Thorndike2 word lists to verify subjective evaluation. The 
readability was found to be well within the comprehension 
of fifth grade children with the exception of those technical 
words requisite for biological interpretation. 
An estimation of the actual reading level of the 
Science Vocabulary Test from standard word lists was incon-
elusive because of the highl y specialized nature of the vo-
cabulary used . To eliminate any possibility of reading 
difficulty, each item was read aloud by the examiner during 
the test administration . 
Preliminary Administration 
Purpose of the preliminary administration . --In order 
to determine item difficulty and validity indices and to 
detect items which might have been weak and ambiguous, a 
preliminary tryout of all items was given . Selected for 
1Harry Rinsland, A Basic Vocabulary of Elementar~ 
School Chi l dren (New York: The Macmill an Co . , 1945), 63 p. 
2Edward L. Thorndike and Irving Lorge , A Teacher's 
Word Book of 30 , 000 Words (New York: Bureau of Publica-
tions, Teachers College, Columbia University, 1944) . 
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the trial administration of the Science Information Test 
were 650 fourth, fifth, and sixth grade children in Salem 
(Form A), Newton (Forms D and F), Lynn (Forms Band E) , 
and Brookline (Form C) , Massachusetts public schools. 
The experimental tryout of the Science Vocabulary 
Test (Forms A and B) was conducted on 235 children in the 
fourth through sixth grades in Wellesley , Massachusetts. 
Since the administration of the final form of the 
Science Information and Vocabul ary tests was to be in the 
fifth grade , this sampling from fourth through sixth grades 
provided a satisfactory indication of the appropriateness 
of items from an achievement point of view. 
Construction of Fina l Instruments 
Item analysis . --In order that the difficulty value 
and discriminative value of items could be assessed, an 
item analysis was completed using the upper and lower 27 per 
cent of the cases for the respective tests . The obtained 
per cents of these extreme groups passing each item were 
used for computation of item- difficulty and item-discrimina-
tion indices . 
The difficulty index of each item was found by 
averaging the per cents correct in the upper and lower 
groups . Item-discrimination indices were obtained by the 
use of an abac developed by Guilford . l The coefficients 
1 J . P . Guilford, Fundamental Statistics in Psychology 
and Education (New York: McGraw- Hill Book Company, 1950), 
P • 503 . 
6o 
were estimated for the proportion of the upper criterion 
group and the proportion of the lower criterion group pass-
ing an item. 
Items were grouped according to discrimination 
power and arranged in order of difficulty. Final selec-
tion depended on three points: (1) proper distribution 
of item difficulty, (2) highest discrimination, and (3) 
approval by the subject-matter experts. To allow for ade-
quate range of difficulty as well as over-all difficulty 
and still maintain sufficient differentiation between 
individuals on item response, items first screened were 
those that measured between 25 per cent and 75 per cent 
difficulty and discriminative value (significant at the 
5% level or better) in the item analysis. Although 106 
items qualified, the criterion scale excluded the re-
maining items which measured several basic biological prin-
ciples--cell theory, reproduction, and evolution. Curricu-
lar limitation of the tryout sample, which was representa-
tive of contemporary elementary science programs, accounted 
for the greater difficulty and poorer discrimination of 
items in these areas . The incorporation of below standard 
items in the test was unavoidable in order that the in-
formational outcomes of the natural science project would 
be validly measured. A tentative final form, containing 
50 items from the criterion group, 20 of the more diffi-
cult ones and five very easy items, was submitted to the 
subject-matter experts for suggestions and criticisms. After 
revision and final editing of the test, based on recommenda-
tions of the consultants, the Science Information Test was 
prepared for administration. 
Item selection for the Science Vocabulary Test 
paralleled in every important respect the procedure followed 
for the information test as described above . Of the original 
word lists, 171 items met the established difficulty and 
discrimination criterion. Included in the final form of 
the vocabulary test were 143 criterion items, three of the 
more difficult words and four relatively easy science terms. 
As was the case with the information test, these items were 
chosen in order to have a valid measure of the scope of 
vocabulary developed in this science experiment. 
Table 1 and Table 2 show the levels of difficulty 
and discrimination characteristic of individual items on 
the final instruments . 
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Table 1. A Two-way Distribution of Difficulty and 
I 
Level of Discrimination 
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0') 
s 
<I) 
+l 
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.60- . 69 O'l 
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t) 
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4--l 62, 63 59 30, 41, 4--l 
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<I) 
....::1 
64, 65, 11, 67 9 49 
.00- .09 69, 70 
Total No. 
of Items 4 8 8 9 11 ~t Given 
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~~Numbers indicate numerical 
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Discrimination Indices for Science Information Items 
in Phi Coefficients 
Total No. 
.50- .59 .60-. 69 .70-. 79 .80- . 89 .90-.99 of Items at Given 
Level 
33, 34~· 
2 
42, 74 r· Mt· ~, , 10 
19, 54, 2, 3 13, 22 
71 11 
4 16 7 18' 35' 1, 36 24, 2b' 48, 52 18 27 
25 23, 46 56 51 
10 
15 
7 
12 
9 
8 
14 10 6 4 1 75 
order of the item in the test. 
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Table 2. A Two-way Distribution of Difficulty and 
Level of Discrimination 
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Discrimination Indices for Science Vocabulary Items 
in Phi Coefficients 
Total No . 
. 51-.60 . 61-.70 .71-.80 .81-.90 . 91-1 .00 of Items at Given 
Level 
55~-
1 
32 
3 
42, 107 15 
7 
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8, 21, 96, ft. 47. lf9· 18, 75, 85, 113, 137 73 2 15o, 129, 39 ~~ lll, 1 0 1 , 1 5 
72, 108 63, 144 66 
22 
36 30 11 150 
order of the item in the test. 
Science Information Test. --The test consisted of 
75 items of graduated difficulty assorted so that easier 
items were interspersed at regular intervals to retain 
the examinee's interest and confidence. 
Science Vocabulary Test . --The test contained 150 
words divided into two 75-item sections. Consideration 
was given to a distribution of words for variation in the 
order of difficulty and selection from the multiple clas-
sifications . 
The construction and experimentation steps followed 
in the development of the Science Information and Vocabu-
lary Tests indicated the care which was exercised to insure 
the validity and reliability of each test form. 
Validity and Reliability 
Validity of the instruments.--The establishment 
of the validity of the tests was determined by three 
methods. The first method was through a type of content 
or curricular validity whereby the subject-matter area to 
be tested was systematically analyzed to make certain 
that all major aspects of science instruction were covered 
by the test items . Anastasi1 recommends content analysis 
as essential to validation of achievement tests when based 
upon the original selection of items to be included in the 
test. 
lAnastasi, op . cit., p . 46o . 
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A second procedure followed in validating items was 
through a type of face validity attained by the judgment of 
three members of the Massachusetts Audubon Society educa-
tional staff , experts in the field of natural science and 
producers of the TV series. In t his reference, face va-
lidity was a desirable goal for confirmation of test rele-
vancy and plausibility in the television situation. 
Although no comparison with an external criterion 
was possible, statistical analysis of individual items 
offered the best approach to an objective check of content 
validity . Consequently the technique employed in the 
preparation of the Science Information and Vocabulary 
Tests represents an effective combination of the judgment 
of experts , content verification, and statistical analysis . 
Reliability of the instruments .--Reliability for 
the six forms of the Science Information Test was deter-
mined by the Kuder- Richardson method for finding inter-item 
consistency . 
The formula employed: = n~t - M (n - M) 
(n - 1) ?t 
Estimated reliability coefficients ranged from rtt = . 10 
to r tt = .75 (average rtt = .55} for the complete prelimi-
nary battery . Variance in the reliability coefficients 
reflected the particular characteristics of the school sys -
tems to which the different forms were administered. 
Since the final form of the information test was 
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composed of 75 items, the Spearman-Brown Prophecy formula 
1 + (n - 1) r 11 
rnn = 
was applied to reliability coefficients obtained on the 
individual 30-item tests to provide an estimate of relia-
bility of the same tests lengthened two and one-half times. 
Estimated reliability coefficients for 75-item tests ranged 
from . 22 to .88 (average r 2 . 5 = . 77) . 
Table 3 shows the comparative increase in relia-
bility of the Science Information Test when the same num-
ber of items was correspondently added to the original 
test forms. 
Table 3. Comparison of Obtained and Predicted Reliability 
Coefficients for Science Information Preliminary 
Test Forms 
Obtained Estimated 
Standard Reliability Reliability Test Mean Deviation Coefficients Coefficients for for 
30-Item Test 75-Item Test 
( 1) (2) (3) <4) (5) 
Form A 16. 12 5 . 22 . 75 . 88 
Form B 8.14 2 . 93 .36 .58 
Form C 14.74 4.21 .59 .78 
Form D 17 .84 3 · 99 . 57 .77 
Form E 10.0 2 . 76 . 10 .22 
Form F 12. 47 3.35 . 38 .60 
Average Average 
rtt = .55 r2.5 = .77 
The reliability of the two vocabulary test forms 
was determined by the application of the Kuder-Richardson 
formula used with the information test . Obtained relia-
bility coefficients were: Form A rtt = .91 and Form B 
rtt = .93 (average rtt = .92) . Because the number of items 
in the final instrument did not exceed the preliminary forms, 
no estimated reliability was determined for the vocabulary 
test . 
Reliability of the Science Information Test (final 
form) was established on a sample of 102 subjects from Tops-
field, Belmont, and Gloucester , Massachusetts . The relia-
bility obtained by the split-half method was .74 which cor-
rected for attenuation (Spearman-Brown) to an estimated 
reliability of . 86. The reliability of the 39 item informa-
tion test used at midyear was .83 estimated by Kuder-
Richardson formula #20 based on a random sample of 500 of 
the total sample . 
A sample of 120 subjects from Hanover, Waltham, 
and Weymouth, Massachusetts, was used for the establish-
ment of reliability of the Science Vocabulary Test (final 
form) . Correlation for two equivalent halves was r = .96, 
and for the whole test, rc = . 98 . 
Organization of the Experimental Design--
Sampling Technique 
Identification of communities . --Superintendents of 
schools in the communities that maintain membership in the 
Massachusetts Council for School Television and support 
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the 21" Classroom were invited to attend a meeting in June, 
1959. At that time , for the purpose of enlisting their 
cooperation in the anticipated experimental program, the 
aims and objectives of the television research project 
were delineated. 
As a result of the conference, a majority of cities 
and towns replied favorably . Respondent school systems 
supplied information concerning (1) population of communi ty, 
(2) number of fifth grades, (3) number of fifth grades per 
building, and (4) number of fifth grades available for the 
project . 
Selection of sample . --To help prevent biases and 
to secure a more representative sample, stratified-random 
sampling seemed the best procedure . Before deciding how 
to proportion the population, communities were considered 
with respect to any variable that was suspected of cor-
relating appreciably with the variables being studied . 
As a check of the representativeness of the 30 com-
munities volunteering to participate in the study two fre-
quency distributions were made: one of the per capita school 
expenditure for all communities in Massachusetts and the other 
of the per capita valuation of all communities in Massachu-
setts . For the participating communities, these data were 
compared to the sampling distribution for all communities 
and were found to be comparable. 
The actual proportion of towns to cities in Massa-
chusetts approximated a three-to-one ratio and provided 
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a feasible means of stratified-random sampling . Using the 
predetermined ratio and a table of random numbers, 1 towns 
and cities were sampled. 
The aggregate representative sampling of 30 eastern 
Massachusetts towns and cities became the pool of approxi-
mately 300 classes from which 90 fifth grade classes were 
drawn by quota through a table of random numbers . Thus, 
a total of approximately 2,600 children selected typified 
a cross-section of the intellectual and socio-economic 
levels in this area . 
Upon notification of selection, superintendents 
so advised the teachers of the fifth grades chosen in their 
particular school system. Accordingly, the large and repre-
sentative sample of children distributed over 90 classes 
and identified with 90 teachers was in readiness for the 
September reopening of the 1959-1960 school year and dura-
tion period of experimental conditions for the science TV 
project . 
Class Experimental Assignments 
Initially , the teachers received an abstract of the 
plan for the forthcoming project and a description of the 
university accredited science and television workshops. 
At the same time, a tentative choice of either workshop or 
lJames E. Wert, Charles 0 . Neidt, and J. Stanley 
Ahmann , Statistical Methods in Educational and Psycho-
lo~ical Research {New York: Appleton- Century-Crofts, Inc., 
19 4), pp . 416-417 . 
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preference for no training was requested. Results indi-
cated a keen interest in both workshops. 
A meeting of the project teachers was held at Boston 
University, September 9, 1959. On that occasion, the pro-
ject director recapitulated the aims and objectives of the 
research program, clarified pertinent problems and pro-
vided the springboard for inaugurating the experiment. 
Each teacher filled out a personal record sheet 
specifying (1) educational background, (2) teaching experi-
ence, (3) previous science and audio-visual training, and 
(4) subject area and time allotment of science in the local 
curriculum. In addition, the order of preference for the 
science workshop, TV workshop, no special training , and 
control groups was recorded on cards. These in turn 
served as the device for experimental assignment. 
Experimental assignment procedure. - -After the prefer-
ence cards were separated into city and town classifications, 
they were grouped by first choice. Since the proportional 
distribution per training groups was 16 town teachers to 8 
city teachers, and for the control group, 12 town teachers 
to 6 city teachers, an adjustment was made. If the first 
choices exceeded the allotment , the next preference de-
cided the status of teacher training . With the necessary 
allocations to training assignment completed and the con-
trol teachers removed, assignment of the remaining 72 
teachers to experimental categories began. 
By use of a table of random numbers, equivalent 
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numbers of teachers from each of the training groups were 
assigned to each of the four major experimental assignments 
and minor subdivisions of either individual or class science 
activities to be carried on by the pupils. 
As a result of the foregoing teacher-assignment 
procedure, the sample of 90 fifth grades per se fell within 
the experimental category and training ascribed to the i r 
teacher, yielding an experimental group of 12 classes while 
the remaining eighteen classes made up the control group. 
Function of the Workshops 
One of the experimental factors under investigation 
was the relationship of the kind of teacher training to dif-
ferential science achievement. To promote a test of the 
significance of special training , workshops were instituted. 
The knowledge and skills acquired during that period af-
forded those teachers unique experiences tailored to the 
project. 
Science workshop.--Members of the educational staff 
of the Massachusetts Audubon Society, under the direction 
of Dr. Andrew J. Meyerriecks, led the instruction and ac-
tivities . Whenever possible , all discus sions were related 
to the New England environment. Emphasis focused on the 
biological principles of the t elelessons along with activi-
ties consonant with elementary school children's interest 
and capacity. The workshop met during September and October 
at the Nature Center, Drumlin Farm Wildlife Sanctuary , South 
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Lincoln, Massachusetts . 
During the first three-day long sessions, discus-
sions included the use of live animals in the classroom, 
identification of New England birds, and distinguishing 
characteristics of amphibians and reptiles. The instructors 
suggested many simple and practical methods for teaching an 
already familiar phase of nature study. The process of 
photosynthesis, as the source of energy in the community 
of living things, was also presented. Other topics 
stressed were the importance of green plants and minerals 
to the balance in nature, the role of marine life and 
lower plants in the evolutionary process and the benefits 
derived by man as the apex of the living world . Demon-
strations and devices were used to describe inexpensive 
and purposeful student projects which could be carried on 
by pupils collectively or independently . 
The second segment of the science workshop oper-
ated as field trips. 
Field trip No . 1.--How both physical and organic 
features of the environment are constantly changing was 
the subject . The changing landscape of New England was 
cited and observed to predicate the relation of physio-
graphic and biotic factors in this r egion. 
Field trip No . 2 . --The natural history of local 
insects was the subject . An introduction to general in-
sect biology was followed by the observation of a variety 
of habitats in the vicinity of Drumlin Farm. The group 
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collected and identified a number of insects in a pond, in 
an open field, and on a rocky hillside. While the group 
collected, the leader talked about aspects of insect life 
histories . Special attention was given ant colonies as 
typical of social insects. 
Field trip No . } .- -Animal behavior was the sub-
ject . The behavior of a common fish (the three-spined 
stickleback) and a common bird (the American robin) was 
reviewed, and then the leader gave a detailed talk on the 
nature of signal devices, threat and fighting behavior, 
courtship, and the evolution of behavior . 
Field trip No. 4 .--How to lead a fifth grade field 
trip was the topic . A variety of field trip techniques 
was shown . Each teacher received a mimeographed copy of 
the Field Trip Guide for Youth . l 
Field trip No . 5 .--The final general-purpose field 
trip emphasized the rapidly disappearing natural animal 
and plant habit ats attributed almost wholly to the activi-
ties of man. The group talked about the territorial be-
havior of blackbirds, feeding behavior of herons and other 
animal s, and investigated aquatic vegetation . 
TV workshop .--Dr . Murray R. Yaeger, Assistant Pro-
fessor of Communication Arts, Boston University, School of 
Public Relations and Communications, conducted the tele-
1Field Trip Guide for Youth (South Lincoln, Mass . : 
Educational Department, Massachusetts Audubon Society~ 
Nature Center, Drumlin Farm, Wildlife Sanctuary, n.d . J. 
(Mimeographed.) 
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vision workshop. The purpose of the audio-visual aid course 
was to develop a more impressive utilization of instructional 
television in the classroom. Meetings were held at Boston 
University, September through October, 1959. 
The first sessions served to orient the teacher 
with the nomenclature associated with TV production, pre-
vailing trends in educational programming and methods for 
the integration of television into the curriculum and class-
room. Criteria by which to evaluate TV teaching qualita-
tively were examined by reviewing the success of many 
exemplary types of in-school projects . Of special import 
was WGBH 21" Classroom and its responsibility for presen-
tation of the Natural Science TV series. 
Several laboratory meetings were carried on at the 
University TV studio, and a field trip was made to Station 
WGBH-TV, where the teachers viewed programs in production. 
In one instance, the group handled the equipment improvis-
ing actual telecast procedures. With this technical knowl-
edge at hand, the teachers became more aware of the effects 
of televiewing in the classroom setting, more alert to 
pupil response, and more adept in stimulating pupil percep-
tion. 
Concluding sessions were primarily concerned with 
effective classroom teaching practices . Included were 
demonstrations in preparative and post television activi-
ties and the use of study guides . In general, the instruc-
tor covered devices, techniques, and skills for expediting 
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classroom instruction akin to TV lessons. 
Individualized assistance extended into the class-
room when Dr. Yaeger personally visited each workshop member . 
Many local television viewing problems were resolved by his 
suggestions for relocating television sets, rearrangement 
of class seating plans, and critical comments made concern-
ing the presentation of teaching materials. Thus, by ob-
serving Dr . Yaeger set the circumstance for effective use 
of television, the teachers discovered how to apply the 
workshop training more concretely. 
Operation of the Experimental Design 
Experimental materials.--A series of thirty Natural 
Science TV programs formed the nucleus for research. Con-
ditions for the experiment centered about the programs as 
did the development of test instruments. 
The production of Exploring Nature (title of TV 
series) was under the supervision of Dr . Charles Walcott, 
assisted by other members of the Massachusetts Audubon 
Society's educational staff in cooperation with the Direc-
tor of the 21" Classroom, using the facilities of WGBH-TV, 
educational station, Boston, Massachusetts . The television 
teacher for the weekly half-hour presentations which ex-
tended from October, 1959, to June , 1960, was Professor 
William H. Weston, Ph.D., Harvard University Faculty, De-
partment of Biology. 
A considerable array of topics was covered in the 
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first twenty-seven programs. Many concepts were presented 
and examples and illustrations were g iven to explain the 
lessons. Vocabulary words of central importan ce were de-
veloped with each lesson. At all times, a continuity of 
theme prevailed, and, in many cases, individual programs 
were assembled in related groups . 
These programs embraced a fundamental philosophy 
designed to develop an understanding of the intricate rela-
tionships of all living things to each other and to the 
non-living part of their environments . 
Also, underlying the series, was the basic point of 
view that there are principles essential to the understand-
ing of biology . The programs were built around the follow-
ing themes. 
1 . 
2 . 
3. 
4. 
5. 
6. 
7. 
8 . 
9· 
10 . 
The nature of l ife and living things . 
The cell theory and multicellularity . 
The flow of energy in the living cell, 
organism, and community. 
Reproduction, heredity, and development. 
Evolution and systematics . 
Survey of plant and animal kingdoms. 
Behavior-- conscious and unconscious reaction. 
Coordination of form and function . 
The process of Science seen in observation, 
experiment, and interpretation. 
Animal and plant populations and communities . 
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A description of the developmental plan for inte-
grating the biological principles into the Exploring Nature 
programs is contained in Appendix C. 
The last three programs of the series dealt with 
three different environments: the seashore, city, and 
country. For the most part, the children found these com-
munities available during the season most propitious to 
field trip activities. Moreover, the remaining programs 
served as a source of review because many of the prin-
ciples and features presented on preceding programs were 
highlighted on this comprehensive survey of familiar en-
vironments. 
Experimental conditions.--The independent variables 
which operated to determine differential achievement were 
set in combination as illustrated in Figure 1. 
Study Guides 
Indeuendent 
D~rection 
L 
Television Presentation 
Initiating 
Activity 
18 
classes 
18 
classes 
36 
Terminating 
Ac tivity 
18 
classes 
18 
classes 
36 
of the Experimental ~esign ~ )\agram ?igure l . -- . 
36 
36 
72 
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Within each cell of Figure 1 there existed the following 
arrangements of classes: 
6 classes Science-trained teachers 
3 individual pupil activities 
3 common class assignment 
6 classes TV-trained teachers 
3 individual pupil activities 
3 common class assignment 
6 classes No special teacher training 
3 individual pupil activities 
3 common class assignment 
Each experimental group, composed of equal numbers 
from the three sets of teacher training, was given varied 
experimental treatments by manipulation in the use of the 
television progra~ as follows : (1) each week, in half 
of the classes, the television program was used to initi-
ate the learning activity, while in the other half of the 
cl asses, it was used as a terminal activity; (2) in half 
or the classes, teachers used a study guide specifically 
~~bp~rea ror the series , whereas in the other half of the 
classes, teachers were permitted to use independent direc-
t ion ~or preparatory or follow-up lessons; and, (3) within 
each 0~ the four groups , two kinds o~ student science 
ec
•
3 
were under~aken, individual pupil activities and 
pr ov u 
, ss assi~nnents . The distinction made between 
nommon c~a 
• • 
1 
and class activity was in concept, not in num-
indlv~dua-
tl! ildividuality connoted those activities 
co~se~~en , 
~~~ · ted b·pupils who had special interest in a 
which ~ere seleC 
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particular topic and developed their ideas independently. 
Class activity was a common task assigned by the teacher 
for group participation. A more detailed description of 
each experimental treatment is given below . 
Initial TV plus study guide.--Since the television was to 
have been the initial learning situation for pupils, class-
room activity, except for a brief discussion of general 
content and vocabulary, was withheld until the program had 
been viewed. Thus, the program served as a stimulus to 
learning and to further study of the principles, vocabulary, 
and experiments taught by the TV teacher. Because of the 
function of the TV program, follow-up activity by the 
teacher in the use of a study guide came under investi-
gation . Besides extensive background material, the guide 
embodied basic vocabulary words , topic questions, sugges-
tions for pupil projects, and supplementary reference books . 
Initial TV plus independent direction.--The TV program 
served the same purpose in this category. The variation 
occurred in the teacher activity. Although the classroom 
instruction remained subsequent, the teacher, undirected 
by the study guide , pursued an independent course of action. 
Other than a brief resume of the programs and some suggested 
science projects, all follow-up science instruction and pu-
pil activities were teacher planned. 
Terminal TV plus study guide.--Using the study guide , 
teachers in this category carried on science instruction 
and pupil projects before the children viewed each program. 
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Hence the TV lesson served to elucidate more fully biological 
principles and processes , and to reinforce and broaden topics 
which had already been discussed. By reason of the proposed 
terminal effect of the TV program , concentration of teacher 
activity focused on preparatory instruction. 
Terminal TV plus independent direction. --As in the previous 
category , the TV program was terminal to classroom teaching. 
However , teachers prepared science lessons and projects 
without refer ence to the study guide . 
Control group. - -Pupils in the eighteen control classes saw 
the Exploring Nature series with few or no additional 
classroom activities . Under these r estrictions, the TV 
programs functioned as the only teaching instrument and 
thus provided the check against which was measured the ef-
fectiveness of the various experimental factors operating 
in the different experimental groups . Questions which chil-
dr en asked following the programs were answered, but the 
teacher took no steps to initiate discussion. In a few 
classes where an established science curriculum existed, 
the teachers were requested to focus their work on the 
physical science phase of the project . 
Project Intercommunication 
In an attempt to make the services of the research 
staff available for all participant teachers, biweekly 
visits to each classroom were scheduled during science 
lessons . Aside from assistance rendered, the periodic 
83 
calls served a manifold purpose . Continued personal con-
tact with teachers and pupils fostered greater understand-
ing of and interest in the development of the project . Ob-
servation of science lessons, more readily insured the 
maintenance of experimental conditions. Furthermore, this 
steady communication afforded "feedback" between classroom 
teachers and TV teacher. Whenever teachers made comments 
and suggestions concerning a program, reports were for-
warded to the program producer who , in turn, found the in-
formation constructive for future telecasts. 
Weekly teachers' reports provided another means of 
communication. The report was in the form of a checklist 
descriptive of the general plan of science lessons. Spe-
cial note was made of the time allotment for science in-
struction exclusive of the TV programs and the kind and 
number of science activities in which the pupils en~aged . 
Frequently, the teachers included additional comments per-
taining to the TV programs in their reports thus furnishing 
more "feedback" material . 
Evaluative Procedure 
Test instrurnents.--To afford a basis for the measure-
ment of achievement in natural science, tests (the special-
ized Science Information and Vocabulary Tests constructed 
for this experiment) were administered to the experimental 
and control groups before the first telecast and at the end 
of the television series . After the seventh program, the 
84 
information and vocabulary tests were administered to the 
experimental groups for a short-term evaluation of the ex-
perimental conditions . 
The testing was scheduled to provide two sets of 
measurement of the effects of the experimental variables. 
Pre-test and post-test data represented the results of the 
total experiment. The evaluation subsequent to the seventh 
program yielded data distinctive from the general findings 
for two reasons: (1) intergroup comparisons were obtained 
for the experimental classes only, and (2) this segment of 
programs covered a period during which emphasis was par-
ticularly given to the study of science . 
Inasmuch as the first seven programs de alt primarily 
with animals and their activities, it was possible for t he 
teachers to develop science-centered units based on a spe-
cialized topic. In the terminal TV groups, classroom les-
sons were begun three weeks in advance of the first telecast; 
in the initial TV groups, the teachers waited until after the 
third telecast before beginning classroom instruction. Under 
these circumstances, the preparative and follow-up activi-
ties assumed a global pattern because teacher planning was 
not delimited to the weekly telecast . Within the experi-
mental TV groups, the various aspects of animal life were 
studied and pupil projects developed without digressing 
from the stipulated conditions for the initial and terminal 
intent of the television lessons. Where the program termi-
nated classroom instruction, the animal behavior described 
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by the TV teacher was already familiar to the students. A 
reverse procedure occurred for the pupils who waited for 
the telecast to initiate them in the study of animal beha-
vior . 
After the impact of the first block of programs, 
classroom science instruction lessened to the degree per-
mitted in a very diversified fifth grade curriculum. Al-
though there existed a fundamental interrelationship among 
the remaining programs, the thread of continuity was never 
again so strong for any prolonged period. Thus, the second 
phase of the same techniques for classroom activities pro-
greased on a week-to-week observance of the initial and 
terminal purpose of the television. 
To establish comparability of the experimental and 
control groups , information was obtained regarding the 
pupil's intelligence quotient by the adminis t ration of the 
Otis Quick-Scoring Mental Ability Test, Beta Test (Form EM).l 
Testing periods . --Before the September testing the 
teachers received a complete set of each science test, 
manual of directions, answer sheets, and electrographic 
pencils for their classes. Since the over-all testing time 
required about 70 minutes, it was advised to allow a brief 
recess between tests. Pre-testing was completed and all 
test materials returned by the end of September. 
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The second test period occurred in early December 
when an abbreviated form (covering only the content of the 
first seven programs) of the Science Information Test and 
the complete Science Vocabulary Test were administered by 
the research staff to the 72 experimental groups . 
In January, all groups were given the Otis intelli-
gence test under the direction of the research staff . 
Post-testing came at the end of the television 
series in May. The teachers again administered the Science 
Information and Vocabulary Tests, carefully following the 
prescribed procedures observed for the pre-test administra-
tion. 
Pupil personal data.--For general comparison, in 
addition to intelligence data, data on age, sex, geographic 
area of residence, and parent occupation as an indication 
of socio-economic status were developed. 
Scoring.--Once the tests were gathered and checked, 
machine scoring was underway. With tests scored and the 
results entered on individual record sheets for transcrip-
tion to IBM cards, all the information necessary to estab-
lish differential achievement was at hand. 
Statistical technigues.--Since the experiment was 
designed to evaluate class performance in toto rather than 
that of large numbers of individual children, the basic 
unit of measurement was the class. Hence, a score repre-
sented the mean of a class. Statistical procedures ap-
plied to the data were correlational analysis and analysis 
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of variance. The relationship between the independent vari-
ables--teacher training , kind of pupil activity, method of 
teacher instructional activity, and program sequence--and 
the dependent variable, differences in achievement, was 
analyzed as well as the interaction between the independent 
variables. The statistical test in the analysis of vari-
ance and of covariance (the statistic employed to control 
the variable group characteristics of intelligence, sex, 
age, and social status) was to determine if significant 
difference between classes occurred as a result of experi-
mental variation. Data were also explored to identify the 
particular factors producing the greatest and least gains 
in achievement among the subgroups of children, irrespec-
tive of their experimental assignment . Statistical calcula-
tions were accomplished by the use of 650 IBM computer in 
the analysis of data. 
With the problem stated, similar research reviewed, 
the procedure of research explained, the results of the 
investigation are now reported in Chapter IV and the con-
clusions and limitations of these findings discussed in 
Chapter v. 
88 
CHAPTER IV 
ANALYSIS AND INTERPRETATION OF DATA 
Objectives of the Research 
This study attempted to verify experimentally the 
hypothesis that certain classroom techniques can signifi-
cantly raise the teaching effectiveness of television. 
Answers to the following specific questions were sought: 
1. Are gains in science achievement greater for 
the experimental classes where television func-
tioned within a broad instructional plan of 
teacher-pupil activity or for the control 
classes in which there existed total teaching 
by television with little or no additional in-
struction? 
2 . Are any differences observed as an outcome of 
specialized training of teachers in science or 
television utilization? 
3. Are television programs more effective for 
initiating science learning or for terminat-
ing previous classroom instruction? 
4. Are differences observed when study guide 
classes are compared with those having inde-
pendent direction? 
5. Is the amount of improvement in performance on 
achievement tests a function of common class 
assignments or individual pupil activities ? 
6. Are there statistically significant interaction 
effects of two or more experimental variables? 
7. What differences in achievement are related to 
sex, intelligence, and parental occupation? 
Composition of Experimental Data 
Pre-test and post-test scores were obtained for 
experimental and control groups on the Science Information 
and Science Vocabulary Tests at the beginning and end of the 
school year . Following the seventh telecast, an additional 
measure of achievement was obtained for the experimental 
classes. At that time, a short form of the Information Test 
and the complete Vocabulary Test were given. Other data 
collected were the intelligence quotient, chronological age, 
and parental occupation of the subjects. 
Information was obtained from teachers regarding 
their educational background in science and audio-visual 
aids training , together with weekly descriptions of the 
time, lessons, and projects devoted to science instruction 
exclusive of the television programs . 
Statistical Analysis 
Mean and standard deviation.--For descriptive pur-
poses, means and standard deviations were computed for the 
information and vocabulary scores of individual classes, 
of groups by experimental variables and experimental treat-
ment, and of the total sample by experimental and control 
classification. Other pupil data were also characterized 
by these summary statistics. These measures of central 
tendency and variability were obtained for the three test-
ing periods. 
The class mean served as the basic unit of measure-
ment for computations in the more complex statistical anal-
yses. As has been stated earlier, the use of the mean of 
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the class as the representative score was appropriate because 
the experiment was concerned with class performance rather 
than individual results. 
Correlation. --To determine the degree of relation-
ship between the various traits measured, coefficients of 
correlation were computed for data from the first and second 
testing periods . 
Analysis of variance.--The major statistical tech-
nique employed in this experiment was analysis of variance. 
To test the significance of the difference obtained by this 
analysis, the null hypothesis was assumed. Simply stated, 
the null hypothesis asserts that groups or samples making 
up a total series of measurements are in reality random 
samples from the same normally distributed population, and 
that estimates of the population variance may be expected 
to differ only through fluctuations due to sampling . Much 
of the data that follow will be concerned with the accept-
ance or rejection of that hypothesis. The sources of varia-
tion for which the null hypothesis was tested included 
several. In analysis of variance with single classifica-
tion, the sources of variation were: 
(1) Experimental-Control group and 
(2) Experimental-Experimental group. 
For four-way classification analysis of variance there ex-
isted comparisons based on: (1) type of teacher training, 
(2) position of telecast in relation to classwork, (3) 
availability of study guides, (4) type of pupil work 
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assignment, and (5) interaction among these groups . 
The null hypothesis for each of these groups was 
tested concerning the information and vocabulary factors in 
achievement. Regarding age, sex, and intelligence factors, 
a similar statistical treatment was app lied. 
Analysis of covariance.--Whenever class differences 
in ability were suspected of influencing the criterion 
(science achievement), analysis of covariance provided the 
test of significance. This technique afforded a measure 
of effecting adjustments in information and vocabulary 
scores which allowed for differences in intelligence. 
The experiment has directed observations and yielded 
data f or analysis and interpretation. Tabular descriptions 
are presented for the purpose of relating these findings to 
the general and specific hypotheses of the study. 
Results of the Initial Testing Period 
Using the mean score of each class for intergroup 
comparisons, the following sections report the status of 
the experimental and control groups with respect to the 
variables measured at the onset of t he experiment. 
Below the summary tables for the analysis of vari-
ance are listed the means and standard deviations of the 
data presented . These statistics were included to permit 
more precise descriptions and interpretat i ons. 
Chronological age.--Since matching the groups was 
not possible, they were examined statistically to determine 
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whether or not there existed a significant difference on the 
basis of age . Relative equivalence for age would indicate 
average fifth grades with a minimum of classes having an over-
load of either the accelerated or retarded. 
Table 4 reports the analysis of variance and means and 
standard deviations of a ge for the experimental and control 
groups. Age values are expressed in the number of months ex-
ceeding the basal point of ten years. 
Table 4. Analysis of Variance of Age for Experimental and 
Control Groups on Initial Testing 
Source of Variation df Sum of Squares 
Groups 1 2. 636 
Within 88 339 . 509 
Total 89 342.145 
Experimental 
N 
~ 
s 
72 
7.976 
2.026 
Mean Square 
2.636 
3.858 
Control 
18 
8.394 
1.565 
F Value 
.M 
A small mean difference in age was noted between the groups. 
The experimental classes were younger by less than one month. 
No statistical support was given the observed difference in 
the analysis of variance . The obtained F value was less than 
1. Therefore, the null hypothesis could not be rejected. 
Accordingly, the ninety classes were regarded as comparable 
in age and their achievement not viewed as a function of age. 
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Intelligence.--The fact that academic performance is 
related to level of intelligence was recognized. Because the 
study concerned itself with increments in learning based pri-
marily on experimental conditions, evidence was needed to 
prove the essential normality of the sample. The results of 
the Otis Quick-Scoring Mental Ability Tests, Beta Test: 
Form EM were used to establish the statistical similarity of 
classes with regard to intelligence. 
Analysis of variance, means, and standard deviations 
of the Beta scores and I.Q. scores are depicted in Tables 5 
and 6. 
Table 5. Analysis of Variance of Otis Beta Scores for 
Experimental and Control Groups on Initial Testing 
Source of Variation 
Groups 
Within 
Total 
N 
'X 
s 
df Sum of Squares 
1 65.451 
88 2094.430 
89 2159.881 
Experimental 
72 
34.854 5.014 
Mean Square 
65.451 
23.800 
Control 
18 
32.772 
3-976 
F Value 
2.15 
Although some indication of greater ability among the experi-
mentals was suggested, a look at their dispersion index some-
what discounted the possibility. The analysis of variance 
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of Beta scores bore out the surmise of no important difference 
between groups . The obtained F value of 2. 75 did not exceed 
the F-Table value at either the one per cent or five per cent 
level of confidence. With the null hypothesis retained, it 
can be stated that the experimental and control classes could 
be considered comparable wi th respect to intelligence . 
Table 6. Analysis of Variance of Otis Beta I.Q. Scores for 
Experimental and Control Groups on Initial Testing 
Source of Variation 
Groups 
Within 
Total 
N 
x 
s 
df s~ of Squares 
1 92 . 0 
88 2368 . 4 
89 2460.4 
Experimental 
72 
108.31 
5.30 
Mean Square 
92.0 
26.9 
Control 
18 
105.78 
4.39 
F Value 
3.42 
A similar difference was reflected in the means of I . Q. scores 
for the groups. On the latter test, however, the standard 
deviations appeared more compatible . Like the Beta mean score, 
the mean of the I.Q. estimate also favored the experimental 
classes. The statistical significance of the difference, and 
the importance of variability within the groups are presented 
in the analysis of variance1 of these data in Table 6. 
lRaw scores were used in this analysis. Raw scores 
are viewed by test authors as comparable to mental age. 
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The obtained F value of 3.42 was less than the F-Table 
value for either a one per cent or five per cent level of con-
fidence . Fai ling to reject the null hypothesis it was assumed 
that only a chance difference existed betwe en groups when they 
were compared on this measure of intelligence. 
It is interesting to note that a larger F value was 
obtained in the analysis of variance of I.Q. scores . The 
difference between the F values is an outcome of two condi-
tions: first, the statistical relationship of the obtained 
standard devi ations to the means of their respective groups; 
and secondly, the computational procedure for finding the 
"Beta I.~. " While intelligence quotients are derived from 
norms based on chronological age, the F ratios relative to 
the Beta scores are independent of this variable. The higher 
mean I . Q. score for the experimental group was due in part 
to the fact that they were slightly younger than the controls 
in addition to the relative position of Beta scores. All 
these conditions tended to augment the F value in the analy-
sis of variance of I.Q. scores, but not to a point of statis-
tical significance . 
Science achievement . --Pre-testing on science informa-
tion and vocabulary was essential for identifying the relative 
position of the groups on science achievement. Performance on 
the tests was expected to be low because of the limited science 
in many school curriculums, especially in the area of Biology . 
The analys i s of variance, means, and standard devi a-
tions of the Science Information Test for the experimental 
and control groups are given in Table 7. 
Table 7. Analysis of Variance of Science Information Scores 
for Experimental and Control Groups on Initial 
Testing 
Source of Variation df Sum of Squares 
Groups 1 92 . 720 
Within 88 1755. 729 
Total 89 1848. 449 
*F significant at .05 level . 
N 
'X 
s 
Experimental 
72 
14. 5;38 
4.549 
Mean Square 
92.720 
19 .951 
Control 
18 
12. 000 
3.623 
F Value 
4. 65* 
Here the standard deviations showed relatively little varia-
tion between groups . A difference in means was evident . 
The F test proved the reliability of the observation in that 
the obtained F value of 4.65 was significant at the five per 
cent level of confidence . The groups differed significantly 
in their knowledge of science . From this analysis it ap-
peared as though the experimental classes had more informa-
tion about Biology than the controls . 
Table 8 shows the data for the same groups concerning 
their performance on the partial form of the Science Informa-
tion Test . Items for the short-form test were those from the 
original test which pertained to the subject matter contained 
in the first seven television programs. 
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Table 8. Analysis of Variance of Partial Science Information 
Test Scores for Experimental and Control Groups on 
Initial Testing 
Source of Variation 
Groups 
Within 
Total 
N 
X 
s 
df Sum of Squares 
1 26.787 
88 486.798 
89 513 .585 
Experimental 
72 
7.625 
2.427 
Mean Square 
26.787 
5.532 
Control 
18 
6.261 
1.865 
F Value 
4.84-~ 
Between-group variation in means and standard deviations for 
the partial test resembled that of the total Science Informa-
tion Test. The analysis of variance confirmed the similarity 
of performance. An F value of 4.84 was significant beyond 
the five per cent level of confidence. Clearly, there was a 
group difference in science information on the partial test. 
The experimental classes were consistently better informed 
on both the partial and total measures. 
Another comparison between the experimental and con-
trols was on science vocabulary. Table 9 reports the analysis 
of the results. 
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Table 9. Analysis of Variance of Science Vocabulary Scores 
for Experimental and Control Groups on Initial 
Testing 
Source of Variation 
Groups 
Within 
Total 
N 
'X 
s 
df Swn of Squares 
1 448.900 
88 13482.005 
89 13930.905 
Experimental 
72 
43.300 
12.591 
Mean Square 
448.900 
153.205 
Control 
18 
37.717 
10.718 
F Value 
2.93 
While the difference in means had promise of significance, 
the variability within and between the experimental and con-
trol groups was conspicuous. The obtained F value of 2.93 
indicated that available evidence was insufficient to reject 
the null hypothesis of no difference between the two groups 
on the basis of vocabulary scores. 
Findings.--In the comparisons made between the ex-
perimentals and controls on the initial data, all classes 
were found to be comparable in age and intelligence from a 
statistical standpoint. There were indications that the ex-
perimental classes were slightly younger and somewhat superior 
intellectually. In terms of science information, there was a 
disparity between the two groups. A statistically signifi-
cant difference pointed out the forward position of the ex-
perimental group. As for science vocabulary, neither group 
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knew significantly more words than the other. 
Experimental groups.--Previous analyses of data de-
picted the initial status of the experimental classes as a 
unit. Such evidence furnished the foundation for testing 
the total effects of all experimental factors against their 
absence in the control classes. 
In order that the statistical significance of indi-
vidual experimental variables and their interaction effects 
could be determined, an analysis of initial data was re-
quired for the seventy-two experimental classes, arranged 
by their specific treatment into twenty-four groups. 
Table 10 shows the F values obtained in the analyses 
of variances of all test data for these twenty-four experi-
mental groups at the beginning of the experiment. 
Table 10. F Values Obtained from the Analyses of 
Variances of Scores for the Experi-
mental Groups on Initial Variables 
Initial Variable 
Age 
Otis Beta Scores 
Otis Beta I.Q. Scores 
Total Science Information Test 
Partial Science Information Test 
Science Vocabulary Test 
F Value 
-75 
1.01 
.89 
1.30 
1.10 
1 . 29 
All of the F values1 for the six variables were non-
significant. Each F with 23 and 4B degrees of freedom did not 
!Appendix B. 
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exceed the F-Table value at either the one per cent or five 
per cent level of confidence. Therefore, it was not possible 
to reject the null hypothesis in any instance . Thus, with 
only incidental differences among them, the experimental groups 
were assumed to be alike in age, intelligence, and science 
knowledge. 
Experimental teachers . --Information on length of serv-
ice as well as previous training in science and audio-visual 
education were examined for the purpose of relating these 
teacher qualificat ions to the experiment . 
When years of experience were arranged by the experi-
mental assignment of individual teachers, the range of ex-
perience was found to be comparable among the groups. 
About eighty-seven per cent of the teachers had nine 
hours of formal training in elementary school science. The 
others received some general science instruction in their 
undergraduate collegiate study. Audio-visual education was 
rather limited. Only about a third of the teachers had at 
least three semester hours of instruction in this field . For 
the most part, it appeared that t he experimenta l teachers en-
tered into the project with essentially the same backgrounds 
in these specialized areas . 
Results of the First Seven Weeks 
of the Experiment 
Only the experimenta l groups were involved in the 
appraisal of the project following the seventh telecast. It 
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was postulated that this short-term measurement of the experi-
mental effects would not only indicate trends and signifi-
cances to be further substantiated in the final evaluation, 
but would also produce certain distinguishing features. 
The obtained data were examined for changes in sci-
ence information and vocabulary among the experimental groups 
from the first to second testings . The difference scores 
were then treated by a four way analysis of variance to test 
the significance of the experimental conditions in relation 
to gains in the two science areas. To explore the relation-
ship of sex to differential gains, the same statistical 
techniques were used with the male and female populations of 
the experimental classes. Additional analysis consisted of 
determining if improvement in achievement was dependent on 
intelligence and sex, irrespective of experimental assign-
ment. 
Science Information data . --In the second administra-
tion of the Information Test the partial form was the measure 
by which gain was observed. Table 11 summarizes the analysis 
of variance of information scores on the second test among 
the experimental groups. 
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Table 11. Analysis of Variance of Science Information 
(Partial) Scores on the Second Testing for 
~xperimental Groups Using Mean Score by Classroom 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 23 45657.28 1985.10 2 .37~~ 
Within 48 40256.71 838.68 
Total 71 85913.99 
{~F significant at .01 level. 
Since the F value of 2. 37 was larger than the F-Table value 
of 2. 20 at the one per cent level of confidence, the null 
hypothesis was rejected. It could be concluded that the 
means of the twenty-four groups differed significantly on the 
second test. 
The significant F indicated that there were non-chance 
variations among the means for the groups. To determine which 
of the interpair differences were significant, the t-test was 
applied. The within variance from Table 11 was the estimate 
of population variance from which the SE of the difference was 
computed. With 48 degrees of freedom available t 1 s at the one 
per cent and five per cent levels were 2.01 and 2. 68, respec-
tively. The products of the t's and theSE of the difference 
yielded values of 4.74 and 6.32 as the differences between 
means required at these two levels. The means of the experi-
mental groups on this test are found in Table 12. 
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Table 12. Rank Order of Means of the Science Information 
(Partial) Test for Experimental Groups on the 
Second Administration and Level of Significance 
by the t - Test 
Level of Significance 
Experimental Group Mean 
t . Ol t . 05 Not Sig . 
Sci . Tr. - TV Term. - 21 . 000 Guide-Class Assign. X X 
No Tr.-TV Term.- 14-967 X Guide-Class Assign. 
Sci . Tr. - TV Init . - 14. 800 X Guide- Ind . Assign. 
Sci . Tr.-TV Init . - 14. 167 X No Guide- Class Assign. 
TV Tr .-TV Term.- 14.167 X No Guide-Ind . As sign. 
No Tr .-TV Init .- 14. 033 X Guide-Class Assign. 
TV Tr . -TV Term.- 13 . 900 X Guide- Class Assign. 
TV Tr . -TV Init . - 13 . 500 X No Guide-Ind . Assign. 
Sci . Tr .-TV Term. - 13 . 500 X No Guide-Class Assign . 
TV Tr . -TV Term.- 13.267 X Guide-Ind . Assign . 
No Tr .-TV Term.- 13 .133 X No Guide-Ind . Assign. 
TV Tr .-TV Init . - 12. 667 X No Guide-Class Assign. 
TV Tr . -TV Init .- 12. 600 X Guide - Ind . Assign. 
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Table 12. Continued 
Level of Significance 
Experimental Group Mean 
t.ol t.o.5 Not Sig. 
No Tr. -TV Ini t • - 12 • .567 X No Guide-Ind. Assign. 
No Tr.-TV Term.- 12.367 X No. Guide-Ind. Assign. 
Sci. Tr.-TV Init . - 12.100 X No Guide-Ind. Assign. 
No Tr.-TV Term.- 12.000 X Guide-Ind. Assign. 
Sci . Tr.-TV Term. - 10.667 X No Guide-Ind. Assign. 
No Tr.-TV Init .- 10.633 X No Guide-Class Assign. 
Sci . Tr.-TV Init.- 10 . 433 X Guide-Class Assign. 
Sci.Tr.-TV Term.- 10. 200 X Guide-Ind. Assign. 
No Tr.-TV Init.- 9.867 X Guide-Ind. Assign. 
TV Tr.-TV Term.- 9 . 400 X No Guide-Class Assign. 
TV Tr .-TV Init.- 8 . 900 X Guide-Class Assign. 
Of the 276 comparisons by pairs, 23 differences were sig-
nificant beyond the one per cent level and 36 were signifi-
cant beyond the five per cent level. When compared with all 
the other experimental groups by the t-test, the Science 
10.5 
Trained-Tv Terminating-Guide-Class Assignment group was statis-
tically superior . Concerning the significant groups as a 
whole, no one experimental variable appeared the primary agent 
for producing greater achievement. 
From the mean scores of the experimental groups for 
both the partial information tests were derived means of the 
difference scores by which succeeding analyses were computed. 
Use of difference scores permitted an estimate of the signifi-
cance of change resulting within the groups operating by ex-
perimental design. 
Before treatment by four-way analysis, a simple analy-
sis of variance was conducted on the difference scores for 
science information to explore the possibility of significant 
gain among the experimental groups . The results of this 
analysis are shown in Table 13. 
Table 13 . Analysis of Variance of Science Information 
(Partial) Difference Scores from First to Second 
Testing among Experimental Groups Using Class 
Mean Differences 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 23 176.666 7.681 1.21 
Within 48 304. 392 6.342 
Total 71 481.058 
106 
The obtained F value of 1.21 offered no evidence to 
refute the null hypothesis. In this case the groups seemed 
to have progressed at about the same rate of learning in sci-
ence facts . 
In the preceding F test there was no subdivision of 
data into classification by experimental variable . Table 14, 
which follows, shows how this task was accomplished by the 
four-way analysis of variance . 
Table 14. Four-way Anal¥sis of Variance of Science Informa-
tion (Partial) Difference Scores from First to 
Second Testing for Experimental Classes 
Source of Variation df Sum of Squares Mean Square F Value 
Television 1 . 3200 .3200 .05 
Guide 1 1.7422 1.7422 .27 
Training 2 6.5703 3. 2852 .52 
Assignment 1 .0022 . 0022 
---
TV x G 1 12.5000 12.5000 1.97 
TV X Tr 2 11.7008 5.8504 
·62 TV X A 1 29.3889 24.3889 4. 3-~ 
G x Tr 2 9 .8b70 · ~385 .78 G X A 1 13.8 90 13. 660 2.19 
Tr X A 2 10.4936 5.24 8 .83 
TV x G x Tr 2 5. 7508 2.875~ .45 
TV x G xA 1 18.8088 18.808 2.97 
TV x Tr xA 2 14.7253 7. 3627 1.16 
G x Tr xA 2 13.0102 6.5051 1.03 
TV x G X Tr xA 2 27.9120 13.9~60 2.20 
Residual 48 304.3867 6.3 14 
Total 71 4.81.0578 
Because the obtained F values for the four main effects were 
less than unity, no statistical proof was found to make 
recommendations regarding teacher training, initiating-
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terminating use of television, kind of teacher instructional 
activity or type of pupil assignment. Of the 11 sources of 
interaction, only one had an F value which attained an ac-
ceptable level of significance. It was the interactive effect 
between a particular method of program presentation and a par-
ticular type of pupil project. The value of F for this inter-
action, exceeding the five per cent level of confidence, 
denoted the mutual influence of these two variables on achieve-
ment. 
Examination of data for the male population begins 
with the analysis of variance contained in Table 15. 
Table 15. Analysis of Variance of Science Information 
(Partial) Difference Scores from First to Second 
Testing for Experimental Classes (Males) Using 
Class Mean Differences 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 23 185.758 8.076 1.12 
Within 48 346.279 7.214 
Total 71 532.037 
Here the means of the difference scores for the males of the 
experimental classes were used in computations. The purpose 
of this analysis was to discover if these groups were dif-
ferentiated by their performance on the first and second 
tests of Information. The resulting F value of 1.12 was in-
significant and the null hypothesis was not disproven . 
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Since the foregoing analysis represented a confounding 
of effects, the more meaningful classification of the male 
data on a four-way basis and subsequent tests of significance 
have been reported in Table 16. 
Table 16. Four-way Anal¥sis of Variance of Science Informa-
tion (Partial) Difference Scores from First to 
Second Testing for Experimental Classes (Males) 
Source of Variation df Sum of Squares Mean Square F Value 
Television 1 . 7401 • 7401 .10 
Guide 1 . 003~ . 0034 ---
Training 2 2 . 133 1 . 0668 . 15 
Assignment 1 1 . 8368 1 . 8368 .25 
TV x G 1 11.2813 11. 2813 1.56 
TV x Tr 2 14.6186 7.3063 1.01 
TV X A 1 15.2168 15.21 8 2.11 
G x Tr 2 12.1737 6.0869 . 8~ 
G X A 1 17.6002 ll -9002 2 . 4 
Tr X A 2 13. ~69 . 8485 .95 TV x G x Tr 2 15.8 b5 7 -9238 1.10 
TV x G xA 1 10 . 6 8 10.~668 1.52 
TV x Tr xA 2 11. 620 5 . 310 . 81 
G x Tr xA 2 2.5102 1.2551 .17 .. 
TV x G X Tr xA 2 [5·1753 27 . 5877 3. 82""" Residual 48 3 6 . 2733 7.2140 
Total 71 532.0365 
The F values for the main effects and varying orders of in-
teraction were insignificant with the exception of the quad-
ruple interaction. An F of 3 . 82 for this interaction ex-
ceeded the five per cent level of confidence. From these 
results it would seem that the male population reacted 
favorably to the combined effects of all experimental influ-
ences. 
109 
By way of comparison, data for the female members of 
the experimental classes were similarly analyzed. The sums 
of squares in Table 17 were calculated from the means of dif-
ference scores for the girls of each class grouped by experi-
mental assignment. The variance ratio produced a nonsignifi-
cant F value of 1 . 37 which showed that there were no real 
differences among groups concerning gains in science informa-
tion . 
Table 17. Analysis of Variance of Science Information 
(Partial) Difference Scores from First to Second 
Testing for Experimental Groups (Females) Using 
Class Mean Differences 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 23 240 .968 10 .477 1.37 
Within 48 366. 859 7.643 
Total 71 607.827 
On the four-way classification of Science Information 
data for the girls the analysis of variances by main effects 
resulted in nonsignificant F values . Therefore these classi-
fications of data failed to prove significant differences for 
the groups. 
As for interact ive effects, Television-Assignment 
interaction was highly significant with an F value exceeding 
the one per cent level of confidence . The remaining F values 
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were unimportant statistically, except for the second-order 
interaction of Television-Guide-Assignment, which approached 
the five per cent region of significance. Of some import 
was the fact that two components of this interaction were 
initial-terminal use of television and individual-common 
type of pupil assignment, which had already proved a meaning-
ful combination for simple interaction. Summary for this 
analysis appears in Table 18. 
Table 18. Four-way Analysis of Variance of Science Informa-
tion (Partial) Difference Scores from First to 
Second Testing for Experimental Classes (Females) 
Source of Variation df Sum of Squares Mean Square F Value 
Television 1 
.,512 .~12 .07 Guide 1 3. 234 3. 34 . 45 
Training 2 18.3603 9.1802 1.20 
Assignment 1 2.1012 2.1012 .27 
TV X G 1 12.7513 12.7513 1.67 
TV x Tr 2 7.8358 3.4179 •5t .. v TV x A 1 61.~02 61. 202 8 . 0 ~,~,-
G x Tr 2 8. 586 4.3223 .57 
G X A 1 1R.6o6~ 13.60 9 1.78 Tr x A 2 1 .225 7.1279 .93 
TV x G x Tr 2 5.9909 2.9955 
.36 TV x G xA 1 30.2901 30.2901 3.9 
TV X Tr xA 2 17.0703 8 .53~2 1.12 
G X Tr xA 2 26.0486 13.02 3 1.70 
TV x G X Tr xA 2 18. 6o86 9.3043 1.22 
Residual 48 366.8533 7.6428 
Total 71 607.7965 
111 
Science Information data for Special Subgroups.--
In order to identify significant differences that might have 
occurred, irrespective of experimental assignment and classi-
fication by specific experimental variables, a random sample 
of 500 subjects was drawn from the experimental population. 
Science Information data for these subjects were analyzed for 
gains by I . ~. quarters and by sexes . 
In contrast with earlier analyses, individual scores 
were used in the statistical computations involved with ana-
lyzing the present I . Q. and sex data , thus accounting for the 
greater degrees of freedom reported in the tables . 
A report of the analysis of variance for I . ~ . sub-
groups is presented in Table 19. 
Table 19. Analysis of Variance of Science Information 
(Partial) Scores by I . Q. Quarters and First to 
Second Tests for a Random Sample of 500 Experi-
mental Subjects 
Source of Variation df Sum of Squares Mean Square F Value 
I . Q.. Groups 3 9140 . 34 3046 . 78 69 . 26~·:Hr 
Trials 1 6848 . 69 6848.69 499 • 54?:-lH:· 
Groups x Trials 
4 ~ 99 . 21 43 . 07 2 . 41 ... ~ .. Subjects 4~6 21820 . 14 3 . 99 3. 2r('".""" Residual 6802 . 60 13 . 71 
Total 999 44710 . 98 
~r::-*F significant at . 001 level . 
Means b:y: I. 9c· g,uarters {Low-High) 
xl x2 x3 x4 
First Test: 4 . 18 6 . 31 7. 44 11. 78 
Second Test: 8 . 52 12. 00 12. ~-1 17 . 72 
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Observation of the means from test to test revealed that dif-
ference was greatest between the extreme I.Q . quarters. In 
the F ratio for I . Q. variance only, the denominator was the 
significant subject variance because the latter was the best 
estimate of individual differences . The resulting F value 
with 3 and 496 degrees of freedom was significant at the 
.001 level of confidence . The null hypothesis was abandoned . 
From these results it appeared that variations in intelli-
gence definitely carried with them systematic variations in 
achievement. 
The F value of 499 .54 for test trials was significant 
beyond the . 001 level of confidence . Rejection of the null 
hypothesis implied that real improvement took place from 
trial one to t r ial two (September to December testing) . 
Differences for subjects qualified statistically, 
but not to the extent of other main effects . Here the F 
value of 3 . 21 with 496 and 496 degrees of freedom exceeded 
the one per cent level of confidence . 
Although the differences among I . Q. groups and between 
trials were highly significant, interaction of these two vari-
ables failed to meet a level which was statistically signifi-
cant . In this case the null hypothesis was not disproven, 
since no satisfactory evidence was produced to indicate that 
the I . Q. groups reacted differently on the two trials. 
The summary of the analysis of variance for subjects 
grouped by sex is described in Table 20 . 
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Table 20. Analysis of Variance of Science Information 
(Partial) Scores by Sex and First to Second 
Tests for a Random Sample of 500 (266 Males and 
234 Females) Experimental Subjects 
Source of Variation df Sum of Squares Mean Square 
Sex 1 3.16 3.16 
Trials 1 6848.69 6846.69 
Groups x Trials 1 2.26 2.26 
498 30957.32 62.16 Subjects 
Residual 498 6899.55 13.85 
Total 999 44710.98 
Means by Sex 
Male 
First Test: 7. 44 
Second Test: 12 . 76 
Female 
7.42 
12.55 
F Value 
4 4"45''''" 9 • g~~~~l\
.16 4 4 ""~' • g,,-,\ ~~ 
The similarity of original and changed mean scores 
for both sexes was readily apparent . When sex variance was 
tested for significance, the meaningful subject variance was 
the error term in the F ratio . The obtained F value of .05, 
being less than one, unquestionably confirmed equivalent gain 
in science information between sexes. 
In regard to trial differences the F value of 494.49 
was significant beyond the .001 level, showing that perform-
ance on the second test excelled that of the first test. 
When the interaction of groups by trials was evalu-
ated, an F value of . 16 was less than unity which proved con-
clusively that gains in achievement were uniform between 
trials for the sexes . 
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Science Vocabulary data.--To begin with, the experi-
mental groups were studied for differentiated performance on 
the second vocabulary testing. The resulting F value, re-
ported in Table 21, had statistical significance at the five 
per cent level of confidence. The null hypothesis was re-
futed; therefore, it was concluded that the means of the 24 
groups did in fact differ. 
Table 21. Analysis of Variance of Science Vocabulary 
Scores on the Second Testing for Experimental 
Groups Using Mean Score by Classroom 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 23 843345.50 36667 . 20 2.16* 
Within 48 813935.38 16956.99 
Total 71 1657280.88 
With F significant it was desirable to test the sig-
nificance of the differences between specific pairs of sub-
groups. The usual method for finding the difference value 
necessary for one and five per cent standards was employed. 
In this manner 276 tests were conducted by pairing means. 
At the one per cent level 16 differences were found to be 
significant, while at the five per cent level 51 differences 
met the criterion. Table 22 presents the means of the groups 
in rank order and by level of significance. 
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Table 22. Rank Order of Means of the Science Vocabulary 
Test for Experimental Groups on the Second 
Administration and Level of Significance by 
the t-Test 
Level of Significance 
Experimental Group Mean 
t.Ol t.05 Not Sig. 
Sci .Tr.-TV Term.- 81 .500 Guide-Class Assign. X X 
No Tr . -TV Term.- 70.600 Guide-Class Assign. X X 
Sci.Tr . -TV Init.- 67 . 567 X X Guide-Ind. Assign. 
No Tr.-TV Init.- 65.333 Guide-Class Assign. X X 
TV Tr.-TV Term.- 63.200 X No Guide-Ind. Assign. 
TV Tr.-TV Init .- 62.833 X No Guide-Ind. Assign. 
No Tr.-TV Term.-
No Guide-Class Assign . 62 . 267 X 
Sci.Tr.-TV Init.- 62.233 X No Guide-Class Assign. 
TV Tr.-TV Term.- 61 .433 X Guide-Class Assign. 
No Tr.-TV Term.- 58 .033 X No Guide-Ind . Assign. 
TV Tr.-TV Term.-
Guide-Ind. Assign. 57 .400 X 
Sci.Tr.-TV Term. -
No Guide-Class Assign . 55.200 X 
TV Tr . -TV Init.- 54.300 X Guide-Ind . Assign. 
Table 22 . Continued 
Level of Significance 
Experimental Group Mean 
t . Ol t . 05 Not Sig . 
No Tr .-TV Term. - 53 . 933 X Guide- Ind . Assign . 
No Tr .-TV Init . - 51. 067 X No Guide-Class Assign . 
Sci . Tr . -TV Init .- 47 . 967 X Guide-Class Assign. 
Sci . Tr . -TV Init . - 47.800 X No Guide-Ind . Assign. 
No Tr . -TV Init . - 47 . 367 X No Guide-Ind. Assign . 
TV Tr . -TV Init . - 45. 400 X Guide-Class Assign . 
Sci.Tr . -TV Term.- 44. 967 X No Guide- Ind. Assign. 
No Tr .-TV Init. - 43 . 400 X Guide- Ind . Assign. 
TV Tr.-TV Init . - 40 . 733 X No Guide-Class Assign. 
Sci . Tr .-TV Term.- 39.600 X Guide-Ind. Assign. 
TV Tr . -TV Term. - 36 . 067 X No Guide-Class Assign. 
The experimental groups, significantly different on the t-test 
for this measurement of vocabulary, were approximately the 
same ones that achieved such distinction on the second test-
ing of science information . Once again the Science Trained-
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TV Terminating-Study Guide-Class Assignment group surpassed 
all others . 
Although there were significantly different groups 
on the second test of science words, this estimate did not 
account for change in vocabulary from the time of initial 
testing . To ascertain whether real gain was related to ex-
perimental assignment, analysis of variance by this classi-
fication was applied to the difference scores of the two 
vocabulary tests . A summary of the analysis is found in 
Table 23 . 
Table 23 . Analysis of Variance of Science Vocabulary 
Difference Scores from First to Second Testing 
among Experimental Groups Using Class Mean 
Differences 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 23 1839.209 79-966 .96 
Within 48 3999.306 83 .319 
Total 71 5838 .515 
The obtained F value of .96 was insufficient evidence for 
refuting the null hypothesis . Therefore, no unusual changes 
in vocabulary learning were observed for the classes grouped 
according to their experimental assignment . 
In the analysis of variance on the four-way classifi-
cation of vocabulary data, the major variables accomplished 
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no important differences in achievement . Similarly, inter-
actions of these variables produced inadequate F values in 
the tests of significance. Thus, neither the experimental 
factors nor their joint effects had bearing on divergencies 
among the experimental classes to any significant degree. 
A statistical description of the preceding narrative is shown 
in Table 24. 
Table 24. Four-way Analysis of Variance of Science Vocabu-
lary Difference Scores from First to Second 
Testing for Experimental Classes 
Source of Variation df Sum of Squares Mean Square F Value 
Television 1 2. %606 2. %606 . 04 
Guide 1 30. 806 30. 806 . 37 
Training 2 10.2658 5.1329 .06 
Assignment 1 .1800 .1800 
---
TV x G 1 4. 2046 4. 2049 .05 
TV x Tr 2 58.563 29.2818 .35 
TV x A 1 151.3800 151.3800 1.82 
G X Tr 2 139.6719 69.8360 .84 
G xA 1 281.6355 281.6355 3.38 
Tr xA 2 330.9025 165.4513 1.99 
TV xG x Tr 2 38.2309 19.1155 .23 
TV x G xA 1 26.9023 29 .9023 . 36 
TV x Tr xA 2 34 . 3825 173.191~ 2.08 G X Tr xA 2 82.3187 ~1.159 -49 TV x G X Tr X A 2 331.9352 1 5. 967 1.99 
Residual 48 3999.3000 83 .3188 
Total 71 5838.5150 
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The following variance tables, 25 and 26, present 
the several analyses of vocabulary data for the male popu-
lation of the experimental classes. 
Table 25. Analysis of Variance of Science Vocabulary Dif-
ference Scores from First to Second Testing for 
Experimental Groups (Males) Using Class Mean 
Differences 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 23 2031 . 013 88 .305 
· 94 
Within 48 4530 . 726 94. 390 
Total 71 6561.739 
As in previous computations a single score represented the 
mean of the difference scores of a classroom. 
Before data were classified on a four-way basis, a 
simple analysis of variance was conducted on the vocabulary 
scores for boys . In the F-test no groups were found to be 
significantly different because of their particular experi-
mental assignment. An F value of .94 meant that variation 
among groups could not be considered the result of other 
t han chance. 
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Table 26 . Four-way Analysis of Variance of Science Vocabu-
lary Difference Scores from First to Second 
Testing for Experimental Classes (Males) 
Source of Variation df Sum of Squares Mean Square F Value 
Television 1 11.7612 11.7612 .12 
Guide 1 30. 5501 30.[501 .32 
Training 2 22.8633 11. ~17 . 12 
Assignment 1 . 0401 .o 01 
---
TV x G 1 .7002 . 7002 .01 
TV x Tr 2 36. 4034 18.2017 .19 
TV X A 1 254.2~13 254. 2513 2.69 
G X Tr 2 100 . 6 78 50.3239 .53 
G xA 1 317 .1002 317 .1002 3.36 
Tr X A 2 313 .7345 156.8673 1.66 
TV x G X Tr 2 55. 1077 27.5539 .29 
TV x G X A 1 65. 5212 65.5212 . 69 
TV X Tr X A 2 440.5699 215.2850 2.28 
G x Tr x A 2 1 6. 8077 73.4039 .78 
TV x G x Tr xA 2 244.9301 122.4651 1.30 
Residual 48 4530.7200 94.3900 
Total 71 6561.7087 
None of the F values obtained in the analysis of 
variance with multiple classification of male vocabulary 
data reached statistical significance . If a substantive 
relationship existed between experimental conditions and 
gains in science terminology, the F tests failed to show 
it. 
A like treatment was given to vocabulary data for 
the female segments of the experimental classes. Table 27 
presents a summary of the simple analysis of variance . 
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Table 27. Analysis of Variance of Science Vocabulary Dif-
ference Scores from First to Second Testing for 
Experimental Groups (Females) Using Class Mean 
Differences 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 23 1785. 258 77.620 .69 
Within 5392.132 112 .336 
Total 71 7177 -390 
Here data were examined for only one variation, the total 
experimental assignment. The resulting F value of .69 was 
less than one indicating that the null hypothesis was tenable . 
Consequently, there was very little difference in vocabulary 
learning for the female groups on this principle of classifi-
cation. 
The results of the quadruple classification of 
female vocabulary data are shown in Table 28 . 
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Table 28 . Four-way Analysis of Variance of Science Vocabu-
lary Difference Scores from First to Second 
Testing for Experimental Classes (Females) 
Source of Variation df Sum of Squares Mean Square F Value 
Television 1 90 . 0035 90.0035 .80 
Guide 1 2. 6835 2. 6835 . 02 
Training 2 4.5337 4. 7669 .04 Assignment 1 3 . 0313 34. 0313 .30 
TV x G 1 4. 3512 4. 3412 . 04 
TV x Tr 2 44. 0802 22.0 01 . 20 
TV x A 1 77 .0868 77 . 0868 . 69 
G X Tr 2 113 . 7602 56. 8801 .51 
G xA 1 236 . ~312 236.5~12 2. 11 
Tr x A 2 252 . 807 126 . 2 04 1. 12 
TV x G X Tr 2 91 .3559 45.6780 . 41 
TV x G xA 1 3. 6002 3. 6002 .03 
TV x Tr xA 2 375 . 725~ 187.8627 1.67 
G X Tr X A 2 20.477 10 . 2388 . 09 
TV x G X Tr xA 2 429 . 5618 214. 7809 1. 91 
Residual 4.8 5392 .1267 
Total 71 7177.3899 
When all sources of variation among the groups were analyzed 
and compared with the error term, the obtained F values were 
nonsignificant . The effects of the main variables and their 
interactions on differential achievement were slight and 
offered insuf ficient evidence for disproving t he null 
hypothesis on any account. 
Science Vocabulary data for Special Subgroups . --
Separate analyses were made on the vocabulary results of 
the random sample of 500 experimental subjects . The purpose 
of this investigation was to learn i f differential gains 
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were related to intelligence and to sex on the basis of in-
dividual performance, regardless of experimental assignment . 
The analysis of variance of vocabulary data by r .q. 
quarters is summarized in Table 29 . 
Tabl e 29. Analysis of Variance of Science Vocabulary Scores 
by I . Q. Quarters and First to Second Testing 
Periods for a Random Sample of 500 Experimental 
Subjects 
Source of Variation df Sum of Squares Mean Square F Value 
I . Q. Groups 3 
Trials 1 
Gr oups x Trials 3 
Subjects 4
4
9
96
6 
Residual 
Total 999 
Means 
-
xl 
First Test: 2~. 26 
Second Test: 3 . 19 
231719 . 77 
39841. 34 
1304. 32 
404947 .72 
47276 . 34 
7 25089 . 49 
77239 . 92 
39841 . 34 
434. 77 
816 . 42 
95. 31 
b::t: I . Q. Quarters (Low-High) 
x2 x3 x4 
~5 . 63 
8 . 23 ~7.~7 1. 8 63.37 78.23 
In the F test among groups the denominator of the variance 
ratio was the significant subject variance. The resulting 
F value of 94 . 61 with 3 and 496 degrees of freedom exceeded 
the . 001 level of confidence. The null hypothesis was re-
ject ed because highly significant differences were found 
for the intelligence groupings . 
As for trial variation, there was considerable 
increase in vocabulary scores from the first to second 
tests. The F test in this instance yielded an F value of 
418 . 02 which more than qualified at the . 001 level. 
The significant F value for interaction indicated 
that the I . Q. quarters differed in comparative gain from 
trial to trial. 
A summary of the analysis of variance of vocabulary 
results for the random sample of 266 boys and 234 girls is 
described in Table 30. Listed below this table are the 
means for each test . Although a rather large difference was 
observed for the means from test to test, only a slight vari-
ation appeared between sexes and their performance on each 
trial. 
Table 30. Analysis of Variance of Science Vocabulary Scores 
by Sex and First to Second Tests for a Random 
Sample of 500 (266 Males and 234 Females) 
Experimental Subjects 
Source of Variation df Sum of Squares Mean Square F Value 
Sex 1 6~9 . 01 6 ~9.01 
·40 Trials 1 398 1 . 3~ 398 1.3~ 4o8. z~-:H:· Groups x Trials 1 . 2 .2 .oo 
Subjects 498 636028 . 48 127 7.16 13 . o<fH: ... :~ 
Residual 498 48580. 40 97 .55 
Total 999 725089 . 49 
Means b;y Sex 
Male Fe mal e 
First Test: ~. 20 43.77 
Second Test: 54. 79 56. 43 
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The significant subject variance served as the de-
nominator in the F ratio for group variation only. The out-
come of this test was an insignificant F . The null hypoth-
esis was not disproven since vocabulary learning was 
approximately the same for both boys and girls . 
A very important F value of 408 .42 was obtained on 
vocabulary data between trials . Significance at the .001 
level showed that decided improvement had occurred from trial 
one to trial two . 
On the other hand, the boys and girls were not differ-
entiated in regard to their performance on the separate tests . 
The fact that an F value was incomputable confirmed the lack 
of interaction of groups by trials . 
Correlations . --As a means of determining the extent 
to which variables measured in the first and second testing 
periods were related, Pearson product-moment coefficients of 
correlation were computed for these factors. Estimates of 
the direction and degree of relationship were obtained on 371 
subjects of the total control population having complete data, 
and on a random sample of 500 of the 1300 experimental sub-
jects with the same qualifications . 
Correlation coefficients representing the relation-
ship between variables for the experimental and control sub-
jects, respectively, are shown in Table 31 . This composite 
report permits comparing and contrasting correlations between 
traits measured in each group. 
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Table 31. Correlations between Variables Measured in the First and Second Testing 
Periods Using 500 Experimental Subjects and 371 Control Subjects 
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On the whole the correlations between each variable 
and all others for both experimental and control subjects 
approximated the degree of relationship usually established 
for these particular characteristics. Low negative correla-
tions were obtained between age and academic achievement. 
A strengthening of the inverse order of relationship between 
age and intelligence developed when the Otis test was ex-
pressed in different terms involving the effect of chrono-
logical age. 
Other r 1 s, all positive, denoted substantial rela-
tionship between general intelligence and academic achieve-
ment. An even closer correspondence was found for the types 
of achievement correlated. 
Findings . --There were significant differences among 
the experimental groups for the second tests of science in-
formation and vocabulary. However, these differences were 
not sustained when the groups were evaluated for the sig-
nificance of their difference scores from first to second 
testings. 
In the analysis of variance with four-way classifica-
tion of science data for male, female, and total experimental 
populations only two variances attributable to the main and 
interactive effects of the experimental design proved statis-
tically significant. In one case it was the coupling of 
television and assignment that produced differential gains 
in science information and in the other, the quadruple 
interaction of television, guide, training, and assignment. 
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The fact that 90 tests of significance were conducted on the 
science data suggested t hat isolated significances were ac-
cidental . This assumption could have indicated the circum-
stance for the effective four-way interaction, but the 
repeated significance of the Television-Assignment inter-
action would have eliminated chance as the explanation here . 
Some interesting results were revealed in the analy-
ses of science data for a random sample of experimental 
subjects without regard to experimental assignment. On the 
treatment of data by I.Q. quarters and trials rate of gain 
was not related to levels of intelligence for science in-
formation . The opposite effect was definitely true for sci-
ence vocabulary where the rate of gain was related to the 
level of intelligence . 
These data were also analyzed on the basis of sex 
variance . The results corroborated the findings observed 
for the majority of experimental conditions . Neither the 
boys nor the girls learned significantly more science in-
formation and vocabulary than the other during this period 
of the experiment. 
Final Experimental Data 
In the final evaluation of this experimental study of 
the use of television, the experimental and control groups 
were compared to determine whether television teach ing with 
or without special classroom techniques produced greater 
gains in the learning of natural science . The effects of the 
experimental design on differential achievement were analyzed 
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for the purpose of identifying the variables and interactions 
which seemed most conducive to a more effective use of tele-
vision instruction. 
Class means of the difference scores from pre- to 
post-measurements of science information and vocabulary 
represented units in the statistical computations for the 
succeeding analyses. An exception to this procedure was made 
for the study of the effects of intelligence where individual 
scores were employed. 
Science Information data . --The summary of the first 
analysis of variance of Science Information difference scores 
for experimental and control groups is presented in Table 32. 
Table 32. Analysis of Variance of Science Information 
Difference Scores from Pre- to Post-tests for 
Experimental and Control Groups Using Class 
Mean Differences 
Source of Variation 
Groups 
Within 
Total 
N 
X(diff.) 
s 
df Sum of Squares 
1 552.545 
88 2460.671 
89 3013.216 
Experimental 
72 
12.617 
5.789 
Mean Square 
552.545 
27.962 
Control 
18 
6.422 
2.223 
F Value 
19.7~~ 
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Greater variability within the experimental classes 
was apparent but the difference in means held considerable 
promise. In the analysis of variance the observed difference 
between groups was found to be highly significant with an F 
value of 19 .76 which exceeded the . 001 level of significance . 
The experimental classes, as a whole, learned significantly 
more science information than the controls during the course 
of the experiment . 
Table 33 reports the analysis of variance of Science 
Information data for the male populations of each group. 
Table 33. Analysis of Variance of Science Information 
Difference Scores from Pre- to Post-tests for 
Males of the Experimental and Control Groups 
Using Class Mean Differences 
Source of Variation 
Groups 
Within 
Total 
N 
'!( diff . ) 
s 
df Sum of Squares 
1 536.068 
88 3017 . 470 
89 3553.538 
Experimental 
72 
12 .501 
6. 280 
Mean Square 
536.068 
34. 289 
Control 
18 
6.400 
3.146 
F Value 
15. 6 .J:l-~1-l' 
There was less variability about the mean in the con-
trol group and a lower mean when compared to the experimental 
group . The importance of this difference was verified in the 
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analysis of variance. The obtained F value of 15.63 exceeded 
the .001 level of confidence. It was concluded that very sig-
nificant improvement in science information was made by the 
male experimental population. 
The result s of the analysis of variance of Science 
Information data for the female populations of each group 
are shown in Table 34. 
Table 34. Analysis of Variance of Science Information 
Difference Scores from Pre- to Post-tests for 
Females of the Experimental and Control Groups 
Using Class Mean Differences 
Source of Variation 
Groups 
Within 
Total 
N 
~( diff .) 
s 
df Sum of Squares 
1 562.250 
88 2507 .131 
89 3069.381 
Experimental 
72 
12.793 
5.725 
Mean Square 
562. 250 
28.490 
Control 
18 
6. 5h.h. 
2.862 
F Value 
:· 19. 7:f-'/("l 
A comparison of the means and standard deviations of 
the female populations indicated that present differences 
appeared similar to those observed for the total population 
and again for the male groups . The analysis of variance 
interpreting this observation for the female groups confirmed 
the existence of a real difference. The obtained F value of 
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19.73 was significant beyond the .001 level of confidence. 
Clearly, the experimental girls, as a group, made signifi-
cantly more gain in science information than the controls. 
Previous analyses tested the over-all effect of the 
experimental conditions. In order that the special effects 
of the experimental design could be tested, Science Informa-
tion data of the experimental groups were analyzed by simple 
and multiple classifications. 
The summary of the analysis of variance of Science 
Information difference scores by experimental assignment of 
the classes is reported in Table 35. 
Table 35. Analysis of Variance of Science Information 
Difference Scores from Pre- to Post-tests for 
Experimental Groups Using Mean Difference 
Score by Classroom 
Source of Variation df s~ of Squares Mean Square F Value 
Groups 23 763.942 33.215 
-99 
Within ~ 1607.798 33.496 
Total 71 2371 .740 
The F value obtained in the test of significance was less 
than unity. The null hypothesis could not be rejected. 
Significant differences in science achievement did not re-
sult from experimental assignment . 
Data were then divided on a four-way basis for the 
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analysis of variance, the results of which are described in 
Table 36. 
Table 36. Four-way Analysis of Variance of Science Informa-
tion Difference Scores from Pre- to Post-tests 
for the Experimental Classes 
Source of Variation df Sum of Squares Mean Square F Value 
Television 1 .0022 .0022 
---
Guide 1 5 . 3356 ~.3356 .16 Training 2 49.0000 2 .5000 .73 
Assignment 1 11. 6806 11.6806 
•l5 TV x G 1 49.33~5 49.3355 1. 7 TV x Tr 2 21.37 5 10.6873 .32 .. 
TV X A 1 169.89az. 169 . 8939 5. 07"'~ 
G x Tr 2 3 . 91 1.9572 .o6 
G xA 1 30.l64I 30.1605 . 90 
Tr x A 2 56. 40 28.2022 . 8~ TV X G x Tr 2 37.3l78 18.6689 .5 
TV x G xA 1 .3 73 .3473 . 01 
TV x Tr x A 2 81.8411 20.9206 1.22 
G x Tr x A 2 72.75~ 36.3773 1.09 
TV X G x Tr xA 2 174.56 87 . 2822 2. 61 
Residual 48 1607 . 7933 33 . 4957 
Total 71 2371.7400 
F values obtained for the main effects were decidedly insig-
nificant. When interaction variances were tested, however, 
the Television-Assignment interaction F of 5.07 was signifi-
cant at the five per cent level. In other words, the 
initiating- terminating use of television along with the 
individual-common type of pupil assignment produced differ-
ential gains among the experimental classes. 
All other F values for interaction were statistically 
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unimportant. At this point the Science Information data of 
the male population of the experimental groups were studied. 
To find out if these members reacted to their experimental 
assignment in a significantly different manner , an analysis 
of variance was applied on this basis. Table 37 reports 
the summary. 
Table 37. Analysis of Variance of Science Information 
Difference Scores from Pre- to Post-teats for 
the Experimental Groups (Males) Using Mean 
Difference Score by Classroom 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 23 750.033 32.610 .75 
Within 4B 2089.317 43-527 
Total 71 2839-350 
Since the F value found was insignificant there was no reason 
to believe that an increase in science information was at-
tributable to experimental assignments. 
In the four-way analysis of variance of male data, 
none of the F values shown in Table 38, which follows, were 
significant. 
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Table 38. Four-way Analysis of Variance of Science Informa-
tion Difference Scores from Pre- to Post-tests 
for Experimental Classes (Males) 
Source of Variation df Sum of Squares Mean Square F Value 
Television 1 .3133 .5513 .01 
Guide 1 4.9613 4.9613 . 11 
Training 2 37. 8253 18.9127 ·~3 Assignment 1 28 .5013 28.5013 • 5 
TV x G 1 31. 3367 31.3367 .12 
TV x Tr 2 23 . 2508 11.6254 .21 
TV x A 1 158.1234 158.1234 3.63 
G X Tr 2 7.4658 3.4824 .o~ G xA 1 42 . 734 42. 73 
·9 
Tr x A 2 33.7158 16.8579 .3~ TV x G X Tr 2 33 . 2637 16. 63i4 .3 
TV x G xA 1 1.0514 1.05 .02 
TV x Tr xA 2 97 .8503 48 .9252 1.12 
G X Tr xA 2 59.4553 24.7277 .68 
TV X G x Tr xA 2 189.7108 4 .8554 2.18 Residual 48 2089.3133 3.5274 
Total 71 2839.3139 
The largest F was for the interaction of Television and 
Assignment . Some meaning was inferred since this particular 
combination of variables was the only experimental effect to 
have recurrent significance. 
To complete the analysis of variance of Science In-
formation by sex, difference scores from pre- to post-tests 
of the female members of the experimental classes were com-
pared . The analysis for the single class ification of ex-
perimental assignment is summarized in Table 39. 
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Table 39. Analysis of Variance of Science Information 
Difference Scores from Pre- to Post-tests for 
the Experimental Groups (Females) Using Mean 
Difference Score by Classroom 
Source of Variation df s~ of Squares Mean Square F Value 
Groups 23 874.356 38.015 1.23 
Within 48 1485.371 30.945 
Total 71 2359.727 
The obtained F value of 1.23 did not contradict the null 
hypothesis. Therefore, the female groups were not signifi-
cantly differentiated in their acquisition of science in-
formation on the basis of experimental assignment. 
Table 40 shows how the female data were reduced and 
evaluated by the four-way analysis of variance. F values 
for all main effects were nonsignificant. Of the 11 inter-
active effects, Television-Assignment interaction was the 
only one that proved significant. Its F value of 6.71 ex-
ceeded the five per cent level of confidence. 
137 
Table 40. Four-way Analysis of Variance of Science Informa-
tion Difference Scores from Pre- to Post-tests 
for Experimental Groups (Females) 
Source of Variation df Sum of Squares Mean Square F Value 
Television 1 . 0034 . 0034 ---
Guide 1 10. 3512 10.3512 .33 
Training 2 79 . 5703 39 . 7852 1. 29 
Assignment 1 . 7401 .7401 . 02 
TV x G 1 48 .5113 48 . ~113 1.~7 TV x Tr 2 28 .8753 14. ~77 • 7 
TV X A 1 207 . 7042 207 . 7 02 6.71* 
G X Tr 2 . 2308 .1154 ---
G xA 1 23 .0069 23.0069 . 7~ Tr x A 2 96 . 0519 48 . 0260 1.5 
TV X G X Tr 2 57 . 5559 28 . 7780 . 93 
TV X G X A 1 
. 086l . 0867 ---
TV x Tr x A 2 85.413 42.7068 1.38 
G X Tr X A 2 106. 7670 5a. 3835 1. 73 
TV x G X Tr xA 2 129 .4552 6 .7276 2.09 
Residual 4.8 1485. 3667 30. 9451 
Total 71 2359.6905 
Additional evidence was thus provided to support the con-
sistency with which this interaction has demonstrated real 
differences in science achievement in the area of informa-
tion. 
Science Information data for a Special Subgroup.--
The initial and final results of the Science Information 
Tests for the random sample of 500 experimental subjects 
were analyzed by the method described in Table 41. 
Inspection of the means listed below Table 41 points 
to the size of intergroup differences and the irregularity 
of changes by the groups from test to test. 
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Table 41. Analysis of Variance of Science Information 
Scores by I.Q. Quarters and Pre- to Post-tests 
for a Random Sample of 500 Experimental Subjects 
Source of variation df Sum of Squares Mean Square F Value 
I. Q. Groups 3 47962 .71 15987.57 123 . 7~:--~ 6 ~-.. ~ Trials 1 39262.75 39262. 75 85 .1 .,,....,.,, 
Groups x Trials 3 tt~~ 
1851. 25 
64093 -79 
617 .08 13 • 4 · :-~r 
Subjects 129.22 2 8~'..)'.."-~ 1\ t\ • 
Residual 22750.00 45.86 
Total 999 175920.50 
Means by I . Q. Quarters (Low-High} 
xl 
Pre-test: 7. 25 
Post-test: 15.29 
x2 
12. 53 
25 . 22 
x3 
15.00 
29 . 61 
Double classification of these data for the variance 
technique permitted the statistical relationship between 
gains in information and levels of intelligence to emerge 
from the tests of significance . 
Since subject variance was quite significant, it 
was used as the denominator in the F ratio involving I. Q. 
variance. The resulting F value of 123 . 72 exceeded the 
.001 level of significance. Hence, it was inferred that the 
observed differences between I .Q. groups were not the result 
of chance . 
The highly significant F value for trials indicated 
that these subjects made more than satisfactory progress 
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over the period of the experiment. 
As for the important F for interaction, the implica-
tion underlying this source of variation was that gains by 
trials were not the same for the various I . Q. quarters. 
Science Vocabulary data . - - In dealing with the final 
results of science vocabulary measurement, the foregoing 
statistical procedures were employed: first with the ex-
perimental and control classes, and secondly, with the ex-
perimental classes exclusively . 
An estimate of the total effects of the experiment 
on the development of scientific terms and basic concepts 
was obtained when an analysis of variance was performed on 
pre- to post-test difference scores for the experimental 
and control groups. The report of this analysis is contained 
in Table 42. 
Table 42 . Analysis of Variance of Science Vocabulary 
Difference Scores from Pre- to Post-tests for 
Experimental and Control Groups Using Class 
Mean Differences 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 1 1271 . 256 1271.256 14. 35~* 
Within 88 7794 . 604 88 .575 
Total 89 9065 .860 
Experimenta 1 Control 
N 72 18 
~(diff.) 24. 279 14.883 
s 9.120 10.017 
~0 
A fairly large discrepancy between means was noted for t h e 
groups . At the same time standard deviations were somewhat 
alike. The F value found by the analysis of variance proved 
to be significant at the . 001 level . Due to this outcome, 
the experimental group was rated superior to the control 
group in their knowledge of science words . 
The comparison between the male populations of the 
two groups is presented in Table 43 . 
Table 43. Analysis of Variance of Science Vocabulary 
Difference Scores from Pre- to Post-tests for 
Males of the Experimental and Control Groups 
Using Class Mean Differences 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 1 1448 . 011 1448 . 011 7 . 34~~~ 
Within 88 17355.463 197.221 
Total 
N 
~(diff . ) 
s 
89 18803 . 474 
Experimental 
72 
2) . 167 
14. 755 
Control 
18 
13.139 
9 . 661 
For the second time the observed difference in means 
for the pre- and post-test vocabulary results f avored the ex-
perimental group . On the other hand, the dispersion index 
showed the control group to be closer to its mean. Because 
the F value obtained from the analysis of variance was 
significant at the one per cent level, it was reasonably 
certain that vocabulary gains were greater for the male ex-
perimental population. 
Table 44 summarizes the analysis of variance of the 
difference scores between the initial and final tests of 
vocabulary for the female populations of the two groups . 
Table 44. Analysis of Variance of Science Vocabulary 
Difference Scores from Pre- to Post-tests for 
Females of the Experimental and Control Groups 
Using Class Mean Differences 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 1 584. 970 584. 970 5.92* 
Within 
Total 
N 
~(diff . ) 
s 
88 
89 9284. 603 
Experimental 
72 
23 . 940 
8. 980 
98 .859 
Control 
18 
17 . 567 
12. 678 
Although the difference in means between the female popula-
tions of each group was of less magnitude than that of both 
the preceding experimental-control comparisons, the control 
classes, in this instance, deviated much further from their 
mean . The variance technique yielded an F value of 5.92 
which was beyond the five per cent level of confidence . It 
was concluded that the means of the female groups did differ 
in favor of experimental girls. It was interesting to note 
that some control girls were more skilled in science termi-
nology as a result of almost complete instruction by televi-
sion than the control boys . This inference was drawn from 
the results of a t-test conducted on the means of the differ-
ence scores for these groups (Tables 44 and 45 respectively) . 
The CR of 1. 23, although nonsignificant, did favor the girls. 
The evaluation of the effects of the experimental 
conditions on science vocabulary achievement included analyses 
of pre- to post-tests difference scores for the experimental 
classes by various classifications . Using the mean difference 
score of each classroom, the final vocabulary data were ana-
lyzed with classification by experimental assignment of the 
experimental classes . Table 45 contains the summary . 
Table 45. Analysis of Variance of Science Vocabulary 
Difference Scores from Pre- to Post- tests for 
Experimental Groups Using Mean Difference 
Score by Classroom 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 23 2049 .500 89.109 1. 09 
Within 48 3939 . 039 82 . 063 
Total 71 5988 .539 
The F value for the experimental groups was insufficient evi-
dence for rejecting the null hypothesis . For this reason, 
gains in vocabulary among the experimental classes were not 
considered the products of experimental assignment . 
With regard to the four-way analysis of variance of 
these data for the experimental classes, a report is shown 
in Table 46. 
Table 46. Four-way Analysis of Variance of Science 
Vocabulary Difference Scores from Pre- to 
Post-tests for Experimental Classes 
Source of Variation df Sum of Squares Mean Square 
Television 1 57 . 7812 57 .7812 
Guide 1 28 . 5012 28 . [4_12 
Training 2 68 .8975 34. 88 
Ass ignment 1 13 . ~568 13 . ~568 
TV x G 1 41 . 613 41. 61~ TV x Tr 2 35.0408 17 . 520 
TV x A 1 36. 8363 36 . 836~ 
G X Tr 2 22. 5008 11. 250 
G xA 1 227 . 2001 227 . 2001 
Tr x A 2 324. 5086 162.2543 
TV X G x Tr 2 8~. 2676 41 . 6338 
TV X G X A 1 .0613 4. 0613 
TV x Tr xA 2 489 . 345~ 2i*. 6727 G x Tr X A 2 320. 945 1 0.4727 
TV x G x Tr xA 2 294.8007 147 . 4004 
Residual 48 3939 . 0333 82.0632 
Total 71 5988 .5382 
F Value 
. 70 
:~ 
. 17 
. 51 
. 21 
·4K 
.1 
2. 77 
1. 98 
.51 
.05 
2.98 
1.96 
1. 80 
Here each of the values of F was insignificant, decidedly so 
for main effects. The failure of the F values to meet 
statistical standards indicated that vocabulary differences 
among the experimental groups were not attributable to the 
effects of the main variables or their interaction. 
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In Table 47 the analysis of variance of vocabulary 
data for the male members of the experimental classes is 
presented according to classification by experimental 
assignment. 
Table 47 . Analysis of Variance of Science Vocabulary 
Difference Scores from Pre- to Post-tests for 
Experimental Groups (Males) Using Mean Dif-
ference Score by Classroom 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 23 5782. 202 251.400 1. 22 
Within 48 9893.338 206 . 111 
Total 78 
Because the obtained F value of 1. 22 was less than signifi-
cant, the null hypothesis was again tenable . It was evident 
that experimental assignment was not t he determinant of dif-
ferential gains among the male groups . 
Male data were then arranged on a four-way basis 
for the analysis of variance . These results are assembled 
in Table 48. 
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Table 48. Four-way Analysis of Variance of Science Vocabu-
lary Difference Scores from Pre- to Post-tests 
for the Experimental Classes (Males) 
Source of Variation df Sum of Squares Mean Square F Value 
Television 1 472 .2689 472 . 2689 2. 29 
Guide 1 208 .0800 208.0800 1.01 
Training 2 138.3025 69.1,13 . 34 
Assignment 1 411.8450 411.8 50 2.00 
TV x G 1 
.8886 .8889 ---TV x Tr 2 209 .~8 104.7143 . 51 
TV x A 1 459 .0450 459 . 0450 2. 23 
G x Tr 2 2~ .6[08 119.8254 .58 G X A 1 7 .8 50 748 .8450 3.63 
Tr x A 2 51.5025 25. 7513 .12 
TV x G x Tr 2 663 .8003 331.9002 1.61 
TV X G X A 1 111 .0050 111.0050 4:l~~~ TV X 'lrX A 2 1933.1008 966.5504 
G x Trx A 2 121.9075 60.9538 .30 
TV X G X Tr X A 2 12.5359 6.2680 .03 
Residual 48 9893.3333 206.1111 
Total 71 5675.5401 
Variances due to the main effects showed insignificant F 
values. Scant evidence was thus found for believing that 
differences in vocabulary achievement were the result of the 
method of program presentation, plan of teacher instruction, 
kind of teacher training , and type of pupil assignment. 
When the F values for interaction were defined in 
terms of their significance, only the Television-Training-
Assignment interaction qualified . In this case, the obtained 
value of 4. 69 exceeded the five per cent level of confidence. 
Therefore, the null hypothesis was refuted and it was felt 
that the male experimental population reacted differently to 
the joint effects of significant interaction in their learn-
ing of science words. 
The summary of the single classification analysis of 
variance of science vocabulary difference scores from pre- to 
post-tests for the female population of the experimental 
classes is shown in T.able 49. 
Table 49. Analysis or Variance of Science Vocabulary 
Difference Scores from Pre- to Post-tests for 
Experimental Groups (Females) Using Mean Dif-
ference Score by Classroom 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 23 1922. 521 83.588 1.03 
Within 3883 . 852 80.914 
Total 71 5806 . 373 
The obtained F value of 1. 03 was not significant and the null 
hypothesis was retained. Consequently, there were no real 
differences among the female groups because of experimental 
assignment. 
The four - way analysis of variance of female vocabu-
lary data is shown in Table 50 . 
Table 50. Four-way Analysis of Variance of Science Vocabu-
lary Difference Scores from Pre- to Post-tests 
for the Experimental Classes (Females) 
Source of Variation df Sum of Squares Mean Square F Value 
Television 1 31.0735 31.0735 .38 
Guide 1 66.7013 66.7013 .82 
Training 2 128.4753 64.2377 
-79 
Assignment 1 ·~35 ·~35 .01 TV x G 1 16. ~12 16. 312 .20 
TV x Tr 2 126.7 52 63.3726 .78 
TV X A 1 . 333~ .3334 ---G x Tr 2 124.010 62.0054 
-77 
G xA 1 198.3367 198.3367 2.~5 Tr x A 2 258 . 2b02 129.1351 1. 0 
TV x G X Tr 2 54.1 09 27.0805 -3~ TV x G xA 1 11.~03 11.4403 .1 
TV X Tr xA. 2 300.4 71 150.2336 1.8 
G X Tr xA 2 164.8804 82.4402 1.02 
TV X G X Tr xA 2 ~0.6167 220.3084 2. 72 
Residual 48 3 3.8467 80.9135 
Total 78 5806.3732 
When the variances of main effects and interactions were 
tested for significance, the resulting F values were of no 
statistical importance. It was not possible to reject the 
null hypothesis on any point. Differences in vocabulary 
achievement among the female groups were no greater than 
those expected on the basis of chance. 
Science Vocabulary data for a Special Subgroup.--
To determine whether or not vocabulary gains from initial 
to final testing were related to levels of intelligence, 
the variance technique with these classifications was ap-
plied to the difference scores of a random sample of 
experimental subjects. The summary of this analysis appears 
in Table 51, below which are listed the means for the I.~. 
quarters on each test. 
Table 51. Analysis of Variance of Science Vocabulary 
Scores by I.Q. Quarters and Pre- to Post-tests 
for a Random Sample of 500 Experimental Subjects 
Source of Variation df Sum of Squares Mean Square F Value 
I.Q. Groups 3 283461. 43 94487.14 117. _3(jH(•;} 
Trials 1 145467.72 145~67.72 ll51.13·:HH:· 5.JS*l~ Trials Groups x 49~ 1952. 75 50.91 Subjects 399533.55 805.51 6 31"'->'. ~~\ " . 
Residual 496 62680. 03 126.37 
Total 999 893095.50 
Means by I.Q. Quarters (Low-High) 
Pre-test: 
Post-test: 
x4 
68.22 
94.58 
Inspection of the means pointed to the evident dif -
ferences among the groups. Dif ferences between tests were 
somewhat uniform for all quarters except for the lowest 
group. 
When computing the F value for I . Q. quarters only, 
the significant subject variance was employed as the de-
nominator in the F ratio. 
All of the F values were highly significant. In the 
case of the four I. Q. groups, evidence was found that they 
differed among themselves in achievement. Considerable i m-
provement was made by these subjects during the experimental 
period as indicated by the F for trials. Finally, the sig-
nificant interaction suggested that gains by trials were 
different for the various I.~. quarters. 
Parental occupation.--The sub-study concerning the 
influence of parental occupation on all dependent variables, 
included in the entire research project, was conducted on a 
random sample of 269 experimental subjects. Of the several 
measuring instruments at hand, the Attitude Scales repre-
sented the most sensitive measure of this environmental fac-
tor. Therefore, the analysis of variance technique was 
applied to pre- and post-test attitude scores of these sub-
jects, grouped by occupational categories. Results of the 
analysis showed no statistical relationship between chil-
dren's attitudes toward scientists and the occupational 
classification of their parents.1 
Classroom science inatruction. --Whether a teacher 
used the study guide or developed lessons independently, cer-
tain methods and techniques typi fied science instruction for 
all experimental classes . These observations were based on 
the weekly reports completed by the teachers. 
Vocabulary study was the usual method for introducing 
1Note: These results were obtained from the attitude 
study conducted in conjunction with the present investigation. 
A. Cornelia Sheehan, The Interrelationships of Interest and 
Attitudes and Specified Independent Variables in the Teaching 
of Natural Science by Television in the Fifth Grade (Unpub-
lished Doctoral Dissertation, Boston University, 1960). 
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science topics. Lessons were primarily teacher-centered with 
general class participation. Charts and bulletin displays 
were employed more frequently than any other type of audio-
visual materials . Evaluation consisted mainly of class 
recitation using the question-answer technique. Drawing, 
reading, and collecting appeared t o be the most common media 
by which individual and class science projects were accom-
plished . 
From the reported descriptions it seemed as though 
the experimental teachers conformed to conventional prac-
tices for instructing their respective classes. 
Time allotments for classroom instruction . --Because 
of the large number of communities that participated in the 
project, rigid control of instructional periods was in-
feasible. As a result, the teachers carried out their ex-
perimental assignment within the limits set by the local 
curricular provision for elementary science . 
From the stated time allotments for science activi-
ties, aside from the telecast, the mean of minutes per week 
was obtained for each class . The range of these means ex-
tended from 37 to 155 minutes . On the basis of experimental 
assignment of classes, analysis of variance was applied to 
the time data . Table 52 summari zes the analysis . 
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Table 52. Analysis of Variance of the Minutes per Week for 
Science Instruction among the Experimental 
Groups Using Mean Score by Classroom 
Source of Variation df Sum of Squares Mean Square F Value 
Groups 23 53058 2306.9 2.08* 
Within 48 53200 1108. 3 
Total 71 106258 
The obtained F value for group variance exceeded the 
five per cent level of significance . According to this esti-
mate the length of instructional periods was different for 
the various experimental groups. 
Two sets of Pearsonian product-moment ,correlations 
were run between the number of minutes per week devoted to 
science instruction and the science information difference 
scores from pre- to post-tests and the vocabulary difference 
scores for the same period. The mean of difference scores 
and mean of minutes by class were used in the calculations. 
The obtained r's were. +. 21 and + . 17 respectively. 
Since the degree of correspondence between the vari-
ables was moderately low, it can be assumed that a small frac-
tion of the variance in achievement was attributable ·to dif-
ferences in instructional time . 
Analysis of Science data for control I . Q. groups.--
The Science Information and Vocabulary pre- and post-test 
scores of a random sample of control subjects were examined 
to discover if learning by this method of television instruc-
tion was contingent upon the mental ability of the groups 
involved. Table 53 reports the analysis of the information 
data. 
Table 53 . Analysis of Variance of Science Information 
Scores by I . Q. Quarters and Pre- to Post-tests 
for a Random Sample of 258 Control Subjects 
Source of Variation df Sum of Squares Mean Square 
I.Q. . Groups 3 16358.77 5452.92 
5666.85 5666.85 Trials 1 
3 524.12 174.70 Groups x Trials 
Subjects 254 28674-46 112.89 
Residual 254 7942. 03 31.26 
Total 59166. 23 
Means by I . Q. Quarters (Low-High) 
xl 
Pre- test: 6. 67 
Post-test: 10.63 
F Value 
48 • 3 a :-::..r.-
8 &v: uv 1 1. 2 1(-t('",~ 5 5 '"' . g~~\· 
3 6rHHi-. 
Inspection of the reported means points out the evi-
dent differences among the I . Q. gr oups. Changes by trials 
were not the same for all groups. 
The F value for I.Q. variance, obtained by using the 
subject mean square as the denominator in t h e F ratio, was 
significant at the . 001 level. The significant improvement 
from first to final trials was not uniform for the varying 
levels of pupil ability. 
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The analysis of the vocabulary scores of this group 
is shown in Table 54. 
Table 54. Analysis of Variance of Science Vocabulary 
Scores by I . Q. Quarter s and Pre- to Post-tests 
for a Random Sample of 258 Control Subjects 
Source of Variation 
I . Q. Groups 
Trials 
Groups x Trials 
Subjects 
Residual 
Total 
df 
3 
1 
25~ 
254 
Sum of Squares 
106170 . 91 
31960 . 69 
450 . 57 
211483 . 73 
39071. 24 
389137 . 14 
Mean Square 
35390 . 30 
31960.69 
150.19 
832 . 61 
153. 82 
Means by I . ~. Quarters (Low-High) 
xl x2 x3 x4 
Pre-test: 25 . 28 )1 . 72 36 . 31 60.94 
Post-test: 38 . 28 46 . 72 53 . 59 78 . 56 
F Value 
From these results it appeared that there were significant 
differences among the I . Q. quarters . Each group showed 
considerable change on the post- test; however, these trial 
differences were more or less uniform among the various 
ability levels . Although the test of interaction was shown 
to lack significance, it can be observed from reported means 
that the higher ability groups were benefiting slightly more 
from this method of almost total instruction by television . 
On the other hand, the control I . Q. groups were not signifi-
cantly differentiated by their respective vocabulary gains as 
were the experimental I.Q. groups (Table 54 vs Table 51) . 
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Findings 
In the final evaluation the over-all effect of the 
experiment was highly significant. Gains in science informa-
tion and vocabulary made by the experimental group far ex-
ceeded the improvement made by the control group. When gains 
were compared on the basis of sex, the experimental boys and 
girls were found superior to the controls. These differences 
favoring the experimental groupings were of greater signifi-
cance in the area of science information than vocabulary. 
In regard to the effects of the experimental condi-
tions on the experimental classes there appeared to be rela-
tively li t tle change from the findings observed for the 
seven-week evaluation. No significant differences in science 
achievement were attributable to the main variables of the 
design. The Television-Assignment interaction continued to 
be the only experimental condition that consistently produced 
differential gains in science information. While the experi-
mental boys did not react differently to this interaction 
concerning science information, they did show vocabulary 
differences due to the triple interaction of television, 
training, and assignment. The latter interaction was not a 
repeat of the same combination of experimental factors which 
had significance at the time of the seven-week measurement 
of male data. 
A definite relationship between intelligence and 
achievement was established on the pre- to post-test informa-
tion and vocabulary results of a random sample of experimental 
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subjects. The higher level intelligence groups were superior 
to the lowest level intelligence group regardless of experi-
mental assignment. This outcome did not occur in the earlier 
analysis of the information data by such classifications. 
Differential gains in science information also ap-
peared a function of the level of intelligence for a random 
sample of control subjects. Increments in learning were 
greater as the I.Q. quarters ascended . The vocabulary changes 
were less variable for these groups. 
There were no significant differences in experimental 
data according to the various classifications of parental 
occupations. 
Weekly periods of classroom instruction were not the 
same for all experimental classes. The correlation between 
length of classroom instructional periods and information 
and vocabulary data from initial to final tests was moder-
ately low but indicative of some relationship for these 
variables. 
The experimental assignment groups seemed to include 
teachers having approximately the same range of teaching ex-
perience and pre-experimental training in elementary school 
science and audio-visual education. 
Recapitulation 
It was the intent of the writer to describe and ex-
plain in this chapter the statistical treatment of all the 
data gathered concerning this investigation. From these 
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analyses and interpretations were drawn the conclusions and 
limitations of the present research into a more effective 
use of television for teaching in elementary school science . 
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CHAPTER V 
SUMMARY AND CONCLUSIONS 
Summary 
The problem.--This project constituted a study of the 
effects of teacher training, method of program presentation, 
plan of classroom instruction, and type of pupil activity upon 
the academic achievement of fifth grade pupils in natural 
science. 
The plan of the experiment.--The study sample con-
sisted of 90 fifth grade classes involving 2600 children of 
both sexes randomly drawn from 27 eastern Massachusetts com-
munities. Eighteen classes served as the control group . 
This group viewed the natural science TV series but received 
little or no additional classroom instruction. The remaining 
72 classes were used as the experimental group. These classes 
were randomly assigned for four-way treatment by the experi-
mental variables . 
The experimental series of one-half hour television 
programs, developed by the Massachusetts Audubon Society, 
were broadcast on successive Friday mornings from October, 
1959 to June, 1960. All 90 classes received the programs on 
open-circuit broadcast by WGBH-TV Channel 2, Boston. The 
content of programs centered on plants and animals and their 
relationships to the environment. 
Experimental tests.--Due to the lack of satisfactory 
standardized achievement tests in natural science, two test 
instruments were constructed to measure science information 
and science vocabulary. Each type of test was developed from 
multiple experimental forms which were originally adminis-
tered to a representative sample of elementary school stu-
dents to obtain item difficulty and validity indices. The 
selection of items for the final tests was with the approval 
of experts in the field of Natural Science, classroom teachers, 
and test technicians. Thus the validation technique employed 
in the preparation of the Science Information and Science 
Vocabulary Achievement Tests represented an effective com-
bination of statistical analysis and the judgment of experts. 
Coefficients of reliability were obtained for pre-
liminary forms of the two achievement tests by the Kuder-
Richardson method. Reliability of the final forms of the 
test instruments was found to be high in each case as deter-
mined by the split-half method corrected by means of the 
Spearman-Brown formula (.86 for science informa tion and . 98 
for science vocabulary). These reliability coefficients 
were obtained on the pre-test science information and vocabu-
lary scores of a random sample of the study population. 
The tests were scored with unit weights for each item 
and with correction for chance success . 
Evaluation .--Experimental data included pre- and 
post-tests of science achievement, measurement of intelli-
gence , chronological age, and parental occupation of all sub-
jects in the study. Information regarding the experimental 
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teachers' educational background and years or teaching experi-
ence, and weekly description or classroom science lessons were 
also obtained. 
In this study all reasonable efforts were made to con-
trol extraneous variables while gathering valid information 
concerning the effectiveness or televised instruction with 
special classroom techniques. For that reason the results 
or t he initial tests or science achievement, intelligence 
estimates, and chronological ages were used to establish the 
comparability among the experimental classes as well as the 
comparability or the latter group with the control population 
in these areas. Pre-tests of science achievement also served 
to des ignate the status of all groups concerning science in-
formation and vocabulary at the onset of the experiment. 
After the seventh telecast, a short form of the 
Science Information Test and the Science Vocabulary Test 
were administered to the experimental classes ror an evalua-
tion or the effects of the experimental variables to this 
point. 
Post-tests or science achievement provided the basis 
for the measurement of gains resulting from instructional 
television with experiment assignments as compared to this 
method of teaching without the experimental specifications. 
Furthermore, the final tests furnished the data whereby the 
differential errects of the experimental conditions were 
appraised. 
With the participants thus divided into two groups, 
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the main procedure was to determine what variance, if any, 
existed between the experimental and control groups and among 
the experimental classes according to the many classifications 
of their data in the experimental design. 
Statistical analysis.--The major statistical method 
for analyzing and interpreting experimental data was the 
analysis of variance technique . 
Summary of the findings .--Some important findings 
borne out in this study were: 
1. Results of the initial tests showed that the ex-
perimental and control groups were somewhat evenly 
matched with respect to age, general intelligence, 
and pre-experimental knowledge of natural science 
terminology . The experimental classes, however, 
knew significantly more facts and concepts of 
natural science before the experiment began. 
2 . The experimental classes grouped by experimental 
assignment were found comparable regarding all 
initial variables. 
3. There were significant differences among the ex-
perimental classes in the second tests of science 
information and vocabulary but not in the differ-
ence scores from first to second testings . 
4. In the analysis of variance with four-way classi-
fication of the seven-week science data for male, 
female, and total experimental populations only 
two variances attributable to the main and inter-
active effects of the experimental design proved 
statistically significant. The interaction between 
method of program presentation and type of pupil 
assignment produced real differential gains in 
science information for the female and total ex-
perimental groups. In addition, there were sig-
nificant differences in male information data due 
to the quadruple interaction of television, guide, 
training, and assignment . 
5. The F test, applied to the difference scores from 
pre- to post- tests, indicated that there was a 
highly significant difference between the 
experimental and control groups in science informa-
tion and vocabulary . Gains in science information 
and vocabulary on the part of the experimenta l 
group far exceeded the improvement made by the con-
trol group . The least gain in science information 
made by an experimental class was 2.5 points while 
the greatest gain was 37 .6 points . In comparison 
the range of gain in the control classes was 
limited at the upper end extending from a low of 
1 . 2 to a high of 10 .1. On the vocabulary t est the 
experimental classes showed gain ranging from 4.1 
to 49 .4 points compared to a loss of 10 . 6 points 
by the control group to a top gain of 31 .1 points. 
The I . Q. groups in the experimental classes also 
surpassed their counterpart s in the control classes 
by obtaining larger increments in science achieve-
ment . When gains were compared on the basis of sex 
the experimental boys and girls were found superior 
to the controls . These differences favoring the 
experimental groupings were of greater statistical 
significance for science information than for vo-
cabulary. 
6. With regard to the pre- to post-measurements of the 
effects of the experimental conditions in the ex-
perimental classes the significant differences fol-
lowed a pattern similar to that observed for the 
seven- week evaluat ion . No significant differences 
in science achievement were due to the main vari-
ables, namely: kind of teacher training , method 
of program presentation, plan of classroom instruc-
tion, and type of pupil science project. The 
Television-Assignment interaction continued to be 
the only experimental condition that consistently 
produced important differential gains in science 
information for the female and total experimental 
populations . The experimental boys did show sig-
nificant differences owi ng to the triple inter-
action of television, traininp , and assignment . 
Although the latter interaction was not the s ame 
combination of experimenta l factors which had sig-
nificance at the time of the seven-week evaluation 
of male data, it was the single instance with 
statistical import for t he various experimental 
classifications of vocabulary scores. 
1. A definite relationship between level of intelli-
gence and differentia l achievement was established 
on the information and vocabulary scores of a ran-
dom sample of experimental subjects selected ir-
respective of their experimental assignment. On 
the pre- to post-tests the higher level intelligence 
groups made significantly more gain than did the 
lowest level intelligence group . Except for the 
information data which nevertheless suggested the 
trend, this finding reflected the outcome of a 
similar comparison made after the seventh telecast. 
8 . Differential gains in science information also ap-
peared a function of the level of intelligence for 
a random sample of control subjects. 
9· Significant differences in science achievement 
were not related to sex. Although the main vari-
ables of the experimental design were of little 
importance for the science learning by sex, each 
group did react in a significantly different man-
ner to the several interaction effects previously 
described . 
10. There were no significant differences in experi-
mental data according to the various classifica-
tions of parental occupations. 
11. Weekly periods of instruction were not the same 
for all experimental classes. The correlation be-
tween length of classroom instructional periods 
and information and vocabulary data from initial 
to final tests was moderately low but indicative 
of some degree of relationship for these variables . 
12. The experimental assignment groups seemed to in-
clude teachers having the same range of teaching 
experience and pre-experimental training in ele-
mentary school science and audio-visual education. 
Conclusions 
The findings of this investigation pointed to the 
acceptance of the following conclusions: 
1 . The over-all effect of the experimental conditions 
was highly significant. 
2 . Television teaching with special classroom tech-
niques was found to be significantly more effective 
than television instruction with little or no addi-
tional classroom activities. 
3. The effects of the major variables of the experi-
mental design on the experimental classes were 
negligible indicating that: 
a . Specialized training of teachers in science 
or television utilization did not produce 
greater gains in science information or vo-
cabulary . 
b . The initial or terminal placement of the tele-
vision program was less important than the co-
ordinated effects of the television and class-
room lessons . 
c . The science projects , whether individual or 
common activities , proved to be equally 
effective techniques for pupil motivation. 
d. Classes instructed by teachers using the study 
guide learned no more natural science than the 
classes whose teachers developed lessons inde-
pendently from a bri ef outline. 
4. The significant interaction effects implied that: 
a . The female and total populations reacted dif-
ferently to the combined effects of the method 
of program presentat ion and type of pupil 
assignment throughout the experimental period. 
The initial use of television seemed to favor 
higher scores in science information when 
coupled with individual pupil projects and 
to favor lower scores when coupled with com-
mon class assignments . The terminal use of 
television had a reverse tendency. 
b . The male population showed differential gains 
due to two separate combinations of experi-
mental factors. Si nce each interaction was a 
solitary occurrence , chance significance was 
assumed . 
5. Generally, gains in science, especially for science 
information, appeared more dependent on combinations 
of the experimental variables rather than on their 
separate effects . Since the trend of nonsignificant 
F values also seemed t o favor interaction of vari-
ables , it was felt that the strength of the experi-
mental design lay in this direction. 
6. A significant relationship was found between levels 
of intelligence and differences in science informa-
tion for both the experimental and control subjects. 
This same relationship held for the vocabulary scores 
of the experimental I . Q. groups but not for the con-
trol I . Q. groups whose scores indicated the value of 
class lessons providing for individual differences 
in vocabulary development . 
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1. On the whole gains in science information and vo-
cabulary were not related to sex. 
8. Experimental changes were not influenced by parenta l 
occupations of the subjects. 
9· The relatively insignificant changes in the results 
of the seven-week and final evaluations indicated 
that the extent to which the experimental varia-
tions influenced the science achievement of the 
experimental classes became stabilized during the 
course of the experimental period. It appeared as 
though the experimental teachers used stereotyped 
lessons in carrying out their assignments. The 
fact that uniform instruction was the dominant 
pattern for most teachers lent further support to 
this conviction. 
10. There are some indications that the experimental 
effects seemed to favor girls more than boys and 
to favor the science information results rather 
than vocabulary. 
Implications of the Study 
According to this experiment, classroom lessons ap-
peared to be an indispensable part of effective television 
instruction. It was felt t ha t t he specific techniques, 
methods, and activities used in the lessons were of second-
ary importance to the need of integrating television teach-
ing with conventional instruction. This study also suggested 
that at present elementary school children still require the 
personal guidance and assistance of classroom teachers for 
optimal learning from educational television. 
The low correlation between gain and the amount of 
time spent in classroom instruction implied that the quali ty 
of teaching is a more critical factor in achievement than 
the time given to the subject. 
The greater vocabulary gains achieved by the females 
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of the control group suggested that fifth grade girls seemed 
more independent than boys in their ability to use the word 
skills associated with vocabulary development. 
Limitations of the Study 
The major limitation concerned the "classroom instruc-
tor variable"--the experimental teachers. Inasmuch as the 
teacher variable presents a universal problem in studies sucl1 
as this one, steps were taken to minimize its effects. Rea-
sonable checks were made on teacher activity by observation 
of lessons and weekly reports, but these subjective measures 
were not precise enough to fully define this factor. In ad-
dition, the teachers were familiar with the purposes and 
procedures of the study and particularly familiar with the 
nature of the criterion data to be gathered. 
No attempt was made to evaluate the quality of in-
struction in relation to final achievement status of a 
class. Nonetheless, the analyses of data pointed to greater 
variability within the experimental classes where the teach-
ers played an active role than observed for the control 
classes where teachers were passively involved. Such dis-
persion was also noted for the experimental assignment 
groups in which the teachers performed identical experi-
mental tasks. Furthermore, in most of the main classifica-
tions of experimental data, the variance within the groups 
exceeded the variance by methods. Granted that class vari-
ability , though validly controlled by the classical arrange-
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ment of age, intelligence, and natural science index, would 
partially account for the differences, final test perform-
ance undoubtedly reflected the proficiency of their instruc-
tion. 
An estimate of the degree to which personal teaching 
characteristics of the experimental teachers inhibited the ef-
fects of the experimental design was not accessible . In the 
opinion of the writer these considerations made it evident 
that teacher differences contributed significantly to the 
outcomes of this study . 
Because special training for teachers proved to be a 
weak determiner of changes in achievement it was felt that 
more intensive study in natural science and television utili-
zation would be required to provide greater teacher-skill in 
these two areas . Then again , any training is relative to 
the subsequent use made of it by the individual. With regard 
to the failure of the variations in the plan for classroom 
instruction to produce significant differences, it is pos-
sible that the study guides lacked specificity. As a result 
the teachers followed the guide fragmentarily. 
Another limitation was the time differential among 
the experimental groups. Even though it had only a slight 
influence on achievement, rigid control of instructional 
time would have removed this nonexperimental source of varia-
tion . 
Suggestions for Further Study 
Much more research is needed in the area of instruc-
tional television at the elementary level. The present study 
has endeavored to provide some of the answers to the problem 
of finding more effective classroom techniques for the optimal 
use of television in teaching natural science to fifth grade 
pupils . Suggestions for further study that emerged from this 
experiment are made: 
1. Conduct a study of the retention by elementary 
school children of the science information and 
vocabulary presented in this investigation. 
2. Repeat the experiment using the same experimental 
design with revised study guide, extended work-
shop training , equal time allotments for science 
instruction, and systematic rating of classroom 
teaching. 
3. Conduct a study of the effects of two methods of 
instruction on the educational achievement of 
fifth grade pupils in natural science, social 
studies, and reading . The series of natural 
science television programs produced in conjunc-
tion with this study could be used for instruc-
tion in science, while the conventional class-
room procedure of assigned reading would be 
employed in the social studies lessons. The 
television method will demonstra te the use of 
audio-visual presentation of subject matter where-
by learning is dependent upon oral and pictorial 
experiences for acquiring science vocabulary, 
information, and knowledge . The reading method 
for socia l studies instruction will provide for 
learning which is dependent on comprehension of 
printed language to gain word meaning and knowl-
edge. In short, the study will investigate the 
possible advantages to be derived from televised 
instruction for pupils of poorer reading ability. 
4. Investigate the differential effects on concept 
development of two kinds of televised natural 
science instruction and of two kinds of correlated 
classroom activity. The present television series 
could be utilized as standard methods for the 
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presentation of facts, ready-made concepts, and 
generalizations. A second series attempting to 
maximize TV teacher-student interaction with em-
phasis on concept development could be designed. 
Such experimental television programs would empha-
size the asking and answering of questions and 
would stress the understanding of conceptual rela-
tionships rather than the acquisition of factual 
information. Classroom activity could be designed 
to reinforce each of the specific television ap-
proaches being utilized. 
I 
BIBLIOGRAPHY 
Allen, William H. Audio-Visual Communication Research. 
Santa Monica, California: System Development Corpora-
tion, 1958. 
Ambrosino, Michael J., Dunstan, William H., and Haake, 
Bernard F. The Schenectady Experiment. Schenectady, 
N.Y.: Schenectady Public Schools, 1956. (Mimeographed.) 
Ames, Maurice u. "Advantages and Shortcomings: Teaching 
Science by Television," Education Digest, XXV (December, 
1959), 38-40. 
Amirian, Girard. A Study of the Retention by Elementary 
School Children of Science Achievement Material Pre-
sented in an Integrated Program of Science Teaching 
by Television and a Study of the Stability of Changes 
in Interest and Attitudes toward Science Consequent 
to the Presentation of Such a Teaching Program. 
Unpublished Doctoral dissertation, Boston University, 
1961. 
Anastasi, Anne. "Achievement Tests: General," Chapter 17, 
Ps~chological Testing. New York: The Macmillan Co., 
19 4-
De artment of Education for the Year 
Audubon Nature Bulletin. National Audubon Society, 1130 
Fifth Avenue, New York. 
Barrow, Lionel C., Jr., and Westley, Bruce H. "Intelligence 
and the Effectiveness of Radio and Television," Audio-
Visual Communication Review, VII (Summer, 1959), 193-208. 
Beck, Alfred D. "Understanding the Results of ETV Research," 
NAEB Journal, XVIII (April, 1959), 8-9, 15-20. 
Becker, Samuel L. "Exploratory Studies in the Evaluation 
of Educational Telecasts," Proceedings of Iowa Academy 
of Science, LXI (1954), 341-347. 
Becker, Samuel L., Dallinger, Carl A., Crosby, Harry H., and 
Gold, David. Communication Skills: An Experiment in 
~I~n~s~t-r~u~c~t~i~o-n~a-1~M~e~t~h~o~d~s. Iowa City, Iowa: State Univer-
sity of Iowa, 1958. 
Becker, Samuel L., Murray, James N., Jr., and Bechtoldt, 
Harold. Teaching by the Discussion Method . Iowa City, 
Iowa: State University of Iowa, 1958. 
Bronson, Vernon. "What Is Television Teaching?" High School 
Journal, XLI (February, 1958), 202-205. 
Brooker, F. E. "How Television Is Progressing in Schools," 
School Executive, LXIX (April, 1950), 67-69. 
Buckler, William E. "A College Teacher Looks at Television: 
Composition," Journal of Educationa l Sociology, XXXI 
(May, 1958), 346-352. 
Buehring, L. E., and Brish, W. M. "Hagerstown Experiment 
after Two Years," Nation's Schools, LXIII {February, 
1959), 83-86. 
Campbell, Marjorie H. "Teaching Science by Television," 
Elementary School Principle, XXXIII (September, 1953), 
204-210. 
Carle, Wayne M. "Needed Research in School Broadcasting ," 
Educational Research Bulletin, XXXVIII (May, 1959), 
120-130. 
Carpenter, Clarence R., and Greenhill, L. P. An Investiga-
tion of Closed-Circuit Television for Teaching Univer-
sity Courses. Instructional Research Project No. 1. 
University Park, Pa.: Pennsylvania University, July, 
1955. 
Carpenter, Clarence R., and Greenhill, L. P. An Investiga-
tion of Closed-Circuit Television for Teaching Univer-
sity Courses. Report No. 2. University Park, Pa.: 
Pennsylvania University, Spring, 1958. 
Clark, C. C. "Television in Education," School and Society, 
XLVIII (October, 1938), 431-432. 
"Colleges and Universities Prepare Television Programs, " 
School and Society, LXXII (September, 1950), 155-156. 
Craig , GeraldS., and Hill, Katherine E. Adventuring in 
Science. Boston: Ginn and Company, 1958. 
Derby, Stanley K. "Continental Classroom: An Experiment in 
Educational Television1 " School Science and Mathematics, LIX (November, 1959), b5l-659. 
Desiderate, Otello L., Kanner, Joseph H., and Runyon, 
Richard P. "Procedures for Improving Television In-
struction ,n Audio-Visual Communication Review, IV 
(Winter, 1956), 57-63. 
171 
Dietmeier, Homer J . The Effect of the Integration of Science 
Teaching by Television on the Development of Scientific 
Reasoning in the Fifth Grade Student. Unpublished Doc-
toral dissertation, Boston Uni versity, 1901. 
Dunham, Franklin. "Television Has Special Values for Teach-
ing Health , Citizenship and Vocations," Nation's Schools, 
XLV (June, 1950) , 57-58 . 
Dunham, Franklin, and Lowdermilk , Ronald. Television in Our 
Schools . Bulletin No . 16. Washington, D. C.: United 
§tates Office of Education, 1956. 
Dunham, Franklin, Lowdermilk, Ronald R., and Broderick, 
Gertrude G. Television in Education . Bulletin No. 17 . 
Washington, D. C. : United States Office of Education, 
1957 . 
Englehart, Max D. , and others . Summary Report on the In-
struction Experiment in High School Physics in the 
Chicago Public Schools . Chicago, Illinois: Chicago 
Public Schools, 19$7 . 
Field Trip Guide for Youth. South Lincoln, Mass.: Educa-
tional Department , Massachusetts Audubon Society, 
Nature Center, Drumlin Farm, Wildlife Sanctuary. (Mimeo.) 
Ford Foundation and The Fund for the Advancement of Educa-
tion. Teaching by Television. New York: Office of 
Ford Foundation, May, 1959. 
Frank, J . H. "An Evaluation of Closed Circuit Television 
for Interceptor Pilot Training," Dissertation Abstracts, 
XV (1955), 2060-2061 . 
Frasier, George W. , MacCracken, Helen D. , and Decker, 
Donald G. Doing Experiments. Syracuse, N. Y. : The 
L. W. Singer Company , Inc . , 1955. 
Gable, Martha A. "Television in t he Classroom," School 
Executive, LXIX (April, 1950) , 70-72. 
Greenhill, L. P . "New Directions for Communication Research," 
Audio-Visual Communication Review, VII (Fall, 1959), 
245-2$3. 
Guilford, J . P. Fundamental Statistics 
Education. New York: McGraw-Hill 
and 
o. 
172 
Hall, Joe. Report of the Educational Television Project in 
the Dade County, Florida Public Schools, Second Year: 
~58-1959. Dade County, Florida: Dade County, Florida 
blic Schools, July, 1959 . (Mimeographed.) 
Hazlett, James A. Report of the First Year: The Educational 
Television Project in the Kansas City Public Schools. 
Kansas City, Missouri: Kansas City Public Schools, 
1959. (Mimeographed.) 
Herminghaus, Earl. An Investigation of Television Teaching. 
St. Louis, Missouri: St. Louis Public Schools, 
September, 1956 and February, 1957. (Mimeographed.) 
Hettinger, Charles . "What Television Can Do for Teachers 
and Students," High School Journal, XLI (February, 
1958), 152-157 . 
Hoban, Charles F. "Hope and Fulfillment in ETV Research " 
Audio- Visual Communication Review, VI (Summer, 1958~, 
165-171. 
Jacobs, James N., and Bollenbacker, Jean K. "Experimental 
Study of the Effectiveness of Television versus Class-
room Instruction in Sixth Grade Science in the Cincin-
nati Public Schools," Journal of Educational Research, 
LII (January, 1959), 184-189. 
Kanner, Joseph H. "Teaching by Television in the Army: An 
Overview," Audio-Visual Communication Review, VI 
(Summer, 1958), 172-188. 
Kanner, Joseph H., Katz, Sanford, Mindak, William, and 
Goldsmith, Peter. "Television in Army Training: 
Evaluation of Television for 'Intensive' Training 
and for Reducing Instructor and Student Training Time 
and Costs," Audio-Visual Communication Review, VI 
(Fall, 1958), 255- 291. 
Kanner, Joseph H., Runyon, Richard P., and Desiderate, 
Otello L. Television in Army Training: Evaluation 
of Television in Arm Basic Trainin • Technical Report 
1 • Washington, D.C. : Human Resources Research Office, 
George Washington University, 1954. 
Kelley, George A. "Television and the Teacher," American 
Psychologist, X (October, 1955), 590-592. 
Klapper, Hope L. Closed-circuit Television 
Instruction at New York Universit 
York: New York University, 19 
173 
Klapper, Hope L. "Does Lack of Contact with Lecturer Handi-
cap Televised Instruction? 11 Journal of Educational 
Sociology, XXXI (May, 1958), 353-359. 
Klapper, Hope L. "Prevalent Interests and Concerns in the 
Field of Televised Instruction.," Journal of Educational 
Sociology, XXXII (May, 1959), ~37-451. 
Knox, Warren, Stone, George, Meister, Morris, and Wheatly, 
Dorothy. The Wonderworld of Science, Book Five. 
New York: Charles Scribner's Sons, 1950. 
I Kumata, Hideya. An Inventory of Instructional Television 
Research. Ann Arbor, Michigan: Educational Television 
and Radio Center, 1956. 
Letton, Mildred C. 11ETV: The Experiments Go On," Elemen-
tary School Journal, LIX (December, 1958), 123-127. 
Levenson, William B. "TV in the Classroom," NEA Journal, 
XLII (December, 1953), 562. 
Lewis, Philip. "TV Workshops for Teachers{" Audio-Visual 
Instruction, II (February, 1957), 40-~1. 
Lindquist, E. F. (ed.). Educational Measurements. Washing-
ton, D.C.: American Council on Education, 1950. 
Masiko, Paul. "What Research Tells Us about Teaching by 
Television," Nation's Schools , LXII (October, 1958), 
65-67. 
McLain , Katherine . The Construction and Evaluation of a 
Word Association Test of Non-Academic Achievement for 
Pre-High School Pupils. Unpublished Doctoral disserta-
tion, Boston University, 1961. 
Morrow, John A. 11Teaching by Television, 11 Illinois Educa-
~' XLIII (January, 1955), 168-171. 
Nelson, Pearl A. The Acquisition of Concepts of Light and 
Sound in the Intermediate Grades. Unpublished Doctoral 
dissertation, Boston University, 1957. 
Newburn, H. K. "Television and the Future of Education," 
Educational Forum, XXII (May, 1958), 389-399· 
Norberg, Kenneth D. "The National Defense Education Act of 
1958~" Audio-Visual Communication Review, VI (Fall, 
1958) ' 301-366. 
174 
World Book Company, 19 
Parker, Bertha M. Basic Science Education Series. Evanston, 
Illinois: Row Peterson and Company, 1941-1950. 
Parker, Bertha M. The Golden Treasury of Natural History. 
New York: Simon and Schuster, 1952. 
Pasewark, William R. The Effectiveness of Television as a 
Medium of Learning Typewriting. Unpublished Doctoral 
dissertation, New York University, 1956. 
Peterson, Roger T. (ed.) . The Peterson Field Guides. 
Boston: Houghton Mifflin Company, ser. 1-12. 
Pierce, Wendell . Summary of Three Experiments in the Use of 
Television in Instruction. Cincinnati, Ohio: Cincin-
nati Public Schools, 1959. (Mimeographed . ) 
Pollock, Thomas c., and others . 
• 
Powell, Vivian. "Here's How Teachers Look at TV," NEA. Journal, 
XLVI (November, 1957), 506. 
Reiner, William B. "The Effectiveness of a Television Series 
in Improving Kindergarten to Grade II Science Teaching 
Programs," School Science and Mathematics, LIX (May, 
1959), 397-408 . 
Rinsland, Harry . A Basic Vocabular of Elementar 
Children . New York: The Macmillan Company, 
Rock, R. T. , Jr . , Duva, J . S. , and Murray, J. E. Training 
by Television: Comparative Effectiveness of Instruc-
tion by Television , Television Recordings and Conven-
tional Classroom Procedures . Port Washington, L.I . : 
NAVEXOS Special Devices Center, U.S. Navy, n.d. 
Runyon, Richard P . , Desiderate, Otello L., and Kanner, 
Joseph H. "Factors Leading to Effective TV Instruc-
tion," Audio-Visual Communication Review, III (Fall, 
1955), 264-273 . 
Schneider, Herman, and Schneider, Nina. Science in Our 
World . Boston: D. C. Heath and Company, 1956. 
Seibert, W. F. An Evaluation of Television Instruction in 
College English Composition. TVPR Report No. 5. 
Lafayette, Indiana: Audio-Visual Center, Purdue 
University, 1958. 
175 
Seibert, w. F. An Evaluation of Televised Instruction in 
College Freshman Mathematics. TVPR Report No. 6. 
Lafayette, Indiana: Audio-Visual Center, Purdue 
University, 1958. 
Sheehan, A. Cornelia. The Interrelationships of Interest 
and Attitudes and !pacified Independent Variables in 
the Teaching of Natural Science by Television in the 
Fifth Grade . Unpublished Doctoral dissertation, 
Boston University, 1960 . 
Siepmann, Charles A. National Program in the Use of Tele-
vision in the Public Schools: Some Reflections on the 
First Year. New York: Fund for the Advancement of 
Education, June 10, 1958 . (Mimeographed . ) 
Simpson, G. G., Pittendrigh, c. S., and Tiffany, L. H. 
Life: An Introduction to Biolo New York: Har-
court, Brace and Company, 19 7. 
Skornia, Harry J . "Educational Television in Education1 " Educational Screen, XXXVIII (December, 1959), 646-o47 . 
Spaulding, Kenneth L. "Science on the TV Screen," Journal 
of Education, CXXXVI (October, 1953), 14-15. 
Steele, Ralph. "Educational Television--1958 1" Educational 
Screen, XXXVII (December, 1958), 614-615. 
Stickel, Werner E. "How Effective Is Teachins with Tele-
vision?" Instructor, LXIX (January, 1960}, 4. 
Stoddard, Alexander J. Schools for Tomorrow: An Educator's 
Blueprint. New York: The Fund for the Advancement of 
~ducation , 1957. 
Stoddard, George D. "Power of Television in Teaching ," 
Educational Screen, XXXVII (June, 1958), 284-285. 
Suchy, Robert R., and Baumann, Paul c. The Milwaukee Experi-
ment in Instructional Television: The Evaluation Re ort 
for the 1 -1 School Year. Milwaukee, Wisconsin: 
D vision of Curriculum and Instruction, Milwaukee 
Public Schools, 1959. (Mimeographed . ) 
Superintendent's Viewpoint on Educational Television. 
Region 1 Conference of the NAEB . New York: Thomas 
Alva Edison Foundation, March , 1959. 
Tannenbaum, Percy A. Instruction through Television: 
A Comparative Study. Urbana, Illinois: Institute of 
Communications Research, University of Illinois, June, 
1956. 
176 
Tannenbaum, Percy H. Instruction through Television: An 
Experimental Study. Urbana, Illinois: Institute of 
Communications Research, University of Illinois, 
1956. 
Tanner, Sheldon C. "Experiments in Teaching by Closed-
Circuit Television," School and Society, LXXXV 
(June, 1957), 229-230. 
Television in Instruction: An Appraisal. Washington, D. C.: 
Department of Audio-Visual Instruction, National Edu-
cation Association, 1958. 
"Television in the Schools," High School Journal, XLI 
(February, 1958), 142-220. 
Thorndike, Edward L., and Lorge, Irving . A Teacher's Word 
Book of 30,000 Words. New York: Bureau of Publica-
tions, Teachers College, Columbia University, 1944. 
Throop, Joseph F., and others. The Effectiveness of Labora-
tory Instruction in Strength Materials by Closed-
Circuit Television. Troy, New York: Rensselaer 
Polytechnic Institute, 1958. 
Thurber, Walter A. Exploring Nature , Five. Boston: Allyn 
and Bacon, Inc ., 1958. 
Traw, Glen H., and Lenon, Everett M. Testing Results, 
1958-1959 School Year. Evansville, Indiana: SWIETV 
Council, 1959. (Mimeographed.) 
"TV to Be Used by Colleges," Editorial News and Comments, 
School Review, LVIII (September, 1950), 317. 
Washington County Closed-Circuit Educational Television 
Project. Teaching in Washington County. Progress 
Report. Hagerstown, Maryland: Board of Education, 
March, 1959. 
Wermuth, Paul c. "Some Weak Spots in Teaching by Televi-
sion," School and Society, LXXXVI (March, 1958), 
127-129. 
Wert, James E., Neidt, Charles 0., and Ahmann, Stanley . 
Statistical Methods in Educational and Psychological 
Research . New York: Appleton-Century-Crofts, Inc., 
1954. 
Wetter, Allen H., and Gable, Martha A. Second Report of 
the National E eriment of Television Teachin in 
Lar e Classes School Year 1 -1 • Philadelphia, 
Pa.: Philadelphia Public Schools, 1959. (Mimeo.) 
177 
Wigren, Harold E. "TV: Power Tool for Teachers," NEA 
Journal, XLVIII (February, 1959), 28-29. ---
Wigren, Harold E. "ETV: The Story up to Now," NEAB 
Journal, XVIII (May, 1959), 3-6, 44-48. ----
Willis, B. C. Evaluation Report of the Two Week Experiment 
of Direct Teaching on Television. Chicago, Illinois: 
Chicago Public Schools, 1956. (Mimeographed.) 
Woolever, John D., and Glovinsky, Sanford. "Evaluating 
Educational Science Television Programstn Metropolitan 
Detroit Science Review, XVII (May, 1957J, 30, 32-33. 
Yanowski , Barbara. nTeaching Science by Television, 11 
Science Teacher, XXV (November, 1958), 406-407. 
178 
APPENDIX A 
PARTICIPATING SCHOOL SYSTEMS 
Fifth grades from the following eastern Massachusetts 
communities participated in the Natural Science Television 
Project . 
1 . Belmont 14. Natick 
2. Beverly 15. North Andover 
' : 
Braintree 16 . Norton 
Bridgewater 17. Reading 
5. Cohasset 18 . Salem 
6. Concord 19. Saugus 
7. Everett 20 . Sharon 
8 . Gloucester 21 . Somerville 
9- Hanover 22. Swampscott 
10 . Hull 23 . Topsfield 
11. Lynn 24. Wakefield 
12. Mansfield 25 . Waltham 
13 . Milton 26 . Whitman 
27 . Weymouth 
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APPENDIX B 
SUMMARY TABLE OF ANALYSES OF INITIAL TEST 
DATA FOR THE EXPERIMENTAL CLASSES 
Table 55. Summary: Analysis of Variance of Scores f or 
Experimental Groups on Initial Variables 
Variable Source of df Sums of Mean F Value Variation Squares Square 
Age Groups 23 7845.28 ~4-1.10 .75 Within 48 21698.72 52. 06 
Total 71 29544. 00 
Otis Beta Groups 23 59170.4.8 2572. 63 1.01 
Scores Within 48 121823.40 2537.99 
Total 71 180993.88 
Otis Beta Groups 23 605.89 26.~4 .89 
I.Q. Scores Within 48 1415. 39 29. 9 
Total 71 2021.28 
Total 
Science Groups 23 58252. 81 2532.73 1.30 
Informa- Within 48 93688.07 1951.83 tion Test 
Total 71 151940.88 
Partial 
14613.45 Science Groups 23 635.37 1.10 
Informa- Within 4B 27806.05 579.29 tion Test 
Total 71 42419. 50 
Science Groups 23 436055.95 16658.45 1.29 Vocabulary 
Test Within 48 705380.05 14 95. 2 
Total 71 1141436.00 
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APPENDIX C 
NATURAL SCIENCE TELEVISION PROGRAMS--
TITLES AND CONTENT 
Table 56 . Developmental Plan for the Integration of 
Biological Principles into the Natural Science 
TV Series 
Biological Principles 
Q) ~ ~ r-i ~§ 
CH bO al -n 
-n ~ c s c+> 
...:1 :>-> Q) 0 -n ~~ ~ c -n c () Television Programs CH 0 rxl +> c ct: -n 
0 Q.) Ol» 0 en ~ al CH 
~ CH ::::s+> -n ~a 0 c~ -n Q) 0 ~-n +> 0 .,..., -n ~ 
~ cro :::1 +>~ ~ ~en co 
:::1 r-i It ~Q) r-i CtlC al ~s Q.>,.G 
""' 
r-i 0 p.s.. 0 a!C ..s::: 0~ oM+> 
al Q) r-i Q)Q) > r-i-M Q) 00 ()Q.) z 0 1%-. p::::r: rxl p..~ txl orx. ~ 
1. Alive or Not Alive X X X X 
2. These Are Animals X X X 
~: These Are Plants X X X Animal Tools and 
Weapons X X X X 
5. Mammals X X X 
6. How Animals Move X X X 
7. Animal Homes X X X X 
8 . Seeds X X X X 
9. Trees X X X 
10. Water X X X X X X 
11. Fossils X X 
12. Darwin & Dinosaurs X X X X 
1~. Reproduction X X X X X X X X 1 . Population and 
Predators X X X X X X 
15. Animals Prepare 
for Winter X X 
16. Plants in the Winmr X X X X 
17 . Now You See It--
Now You Don't X X X 
18. Food from the Sea X X X 
19. Life in a Drop X X X X 
20 . Blood--the Internal 
Ocean X X X X X 
21. Plants without 
Chlorophyll X X X X 
22 . The 40° Miracle--
Spring X X X X X 
2~. Animal Sounds X X X X X X 2 . Reptiles and 
Amphibians X X X X 
25. What Are Flowers for X X X X 
26 . Bees X X X X X 
27. Bird Migration X X X 
28 . The Seashore X X X 
29. Your Backyard--
the Country X X X 
30. Your Backyard--
the City X X X 
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APPENDIX D 
COPIES OF TEST INSTRUMENTS 
Preliminary Form A 
Preliminary Form B 
Preliminary Form C 
Preliminary Form D 
Preliminary Form E 
Preliminary Form F 
Science Information Test 
Complete Form 
Partial Form 
Science Vocabulary Test 
Preliminary Form 
Final Form 
-9= 
50) :.:~I .. v~~ 
!\.. P:).l~e c :Lum 
Bo crdb 
c. D.l'lleba 
D. rabb:i:l:. 
~ 
-"0 lobster , 
- II sea c...'11e n <Y.ile 
G. frog 
H. salamnnder 
5J.) CL:~GIPIC.\.~I0~~ 
A. mom mal. 
Bo ins~ct 
c. :repti~La 
Ds nmphibi~1 
Eo bird 
52) I1RIMA1~1 NmH.o:J OF .V.cv:~Y.JllT 
A. legs 
B. '·rings 
C., propellaion 
Do wiegle 
Eo crav!l. 
Fe cilia 
53) CL,4w:3D'ICXL'IOI: 
Ao pl'lllt 
n. o;nima.1 
CL.\.f~f~Ili'JC \Tiv:: 
siT!lplest :-inim'1.1 
next sir~, >1~ st 
next sir.n)lest 
next to ;lost, cor'!plex 
most co:.iplea a:nim~ 
bat 
spider 
gila. monster 
preyj_ng mantis 
duckbill platypus 
tul.,Ue 
eagle 
p'l.rnmecium 
fiy 
snnil 
bird 
bnmncle 
ana.~e 
squid 
lizard 
bat 
sea urchin 
ye=-tst 
typhoid bacilli 
diatoms 
sea cueurnbor 
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Science Test--6th Grade Preliminary Fonn B 
1. All living organisms are composed of one or more of the following. 
a. tissues 
b. cells 
c. organs 
d. muscles 
2. Energy is obtained from food when it is 
a. swallowed c. chewed 
b. oxidized d. digested 
3. 'Which one of the following includes the other three? 
a. heat c. electricity 
b. light d. energy 
4. Which is the most unique functional feature that distinguishes green plants 
from animals?-
a. Mode of respiration 
b. Ability to manufacture food from 
inorganic matter 
5. Respiration in plants and animals 
a. is identical 
b. releases oxygen 
c. Greater• extremes in l~ngth of 
life span ' 
d. Mode of reproduction 
c. is opposite 
d • . is a building-up process 
6. Nutrition includes all the following life functions except 
a. digestion c. reproduction 
b. as simulation d. absorption 
7. Which of the following are the cause of deficiency diseases? 
a. germs c . lack of vitamins 
b. insufficient exercise d. undersecretion of hormones 
B. The chief value of perspiration is that it 
a. eliminates boey odors c. reduces weight 
b. opens pores d. regulates body temperature 
9. The blood system of man is 
a. closed c . open in places 
b. open d. open at one end 
10. Red blood cells carry 
a. antibodies c. hormones 
b. oxygen d. urea 
Ll. White cells in the blood 
a. destroy germs 
b • make blood clot 
c. carry oxygen to the cells 
d. out number the red cells 
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12. Which of the following ~re produced in the endocrine glands? 
a . enzymes c. serums 
b. endoplasm d. hormones 
13. The liquid that bathes every cell and acts as a medium of exchange 
a. cell sap c. lymph 
b. fibrinogen d. fibrin 
14. Some of the waste materials in the blood are removed by 
a. the heart c. the stomach 
b. the kidneys d. the spleen 
15. Hormones are chemical substances which 
a . carry on digestion c. fight bacteria 
b . stimulate activity of organs d. prevent deficiency diseases 
16 . A structure, such as a muscle or gland, which makes a response to a stimulus 
is called 
a . a receptor c. a sense organ 
b. an effector d. a nervous impulse 
17. A nervous impulse in man that is automatic from birth is called 
a . a voluntary act c. a reflex 
b . a habit d. a tropism 
18. The drawing of the finger away from a hot stove 
a. causes the pain c. precedes the pain 
b. is the result of the sensation d. increases the pain 
of pain 
19. A type of behavior in which a new stimulus may cause a response similar to the 
response produced by the original stimulus is called 
a. an instinct c. a habit 
b. a conditioned reflex d. a simple reflex 
20. Habits and conditioned reflexes are alike in that 
a. are inherited c. appear only in dogs 
b. are learned r esponses d. appear only in man 
21. 'Which of the following is not and never was an organism? 
a. Something that is dead c. Something that is non-living 
b. Something that is living d. An ameba 
?2 . When a celldivides, the nucleus 
a. does not divide c. also divides 
b. disappears d. dissolves 
-3-
23. What are groups of the same kinds of cells world.ng together called? 
a. Protpolasm 
b. A tissue 
24. A cell soon dies if it has no 
a. chloroplasts 
b. nucleus 
25. A plant cell contains 
a. living and lifeless matter 
b. only inorganic matter 
c. A colony 
d. A family 
c. cellulose 
d.: cell wall 
c. only living matter 
d. no matter 
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26. If you were looking at same cells through a microscope, they could be definitelY 
identified as plants cells, not animal cells if they had 
a. nuclei c. cell membranes 
b. chromosomes d. cell walls 
27. To which of the following activities can the food supply of the world be traced? 
a. The activity of cytoplasm c. The activity of cellulose 
b. The activity of chromatin d. The activity of chlorophyll 
28. Substances pass into and out of the protoplams of living cells through the 
a. villi c. plasma membrane 
b. mucous membrane d. capillaries 
29. The passage of dissolved material through a membrane. is called 
a. mitosis c. binary fisson 
b. osmosis d. transpiration 
30. The term "differentially permeable" is used to describe which of the following 
parts of a typical cell? 
a. Nucleus c. Centrosome 
b. Cytoplasm d. Plasma membrane 
31. Which of the following make up supportive tissues? 
a. Bones cells c. Skin cells 
b. Nerve cells d. Muscle cells 
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Natural Science +est -- Grade 6 -- Form C 
1. Which one of the following has been on the earth the longest1 
a. man and other mammals c. birds 
b. fishes d. reptiles 
2. The word evolution refers to 
a. Anything more than one million years old. 
b. The very slow changes that take place in · 
li vi.ng organisms over many, many years. 
c. The study of old rocks. 
d. Monkeys. 
3. There are more of one of the following on this earth than any other. ~ich one is 
it? 
a. fishes c. men and women 
b. mammals d. insects 
• Which one of the following statements is not true? 
• 
a. A plant or animal that is now a fossil was bur-ied m:illions of years ago before 
it decayed. It was buried by natural forces such as floods, avalanches, 
earthquakes, and so on. 
b. Fossils existed on this earth before there was any kind of life around. 
co From the study of fossils we lmow that millions of years ago there were certain 
kinds of animals living on this world that can no longer be found anywhere. 
d. The earlies forms of life were so small and their bodies so soft that no fossils 
of them have yet been found. 
The earthworm is 
a. an animal c. a mammal 
b. a rodent d. a vertebrate 
• About how old is the world we live in? 
a. Two thousand years oldo 
b. Two million years old. 
1. The words "Homo sapiens" refers to 
a. apes 
b o homes made of branches which gorillas 
build for themselves 
8. llhich one of the following is not true? 
c. Two billion years old. 
d. Two trillion years old. 
Co man 
d.. evolution 
a. Plants appeared in the waters of the ocean before they appeared on land. 
b. Evolution shows us that life has been changing constantly and increasingly 
for millions of years. 
c. Land animals need stronger bones in their bodies than fishes do because 
animals have to be able to hold their bodies up against the force of gravity 
which is trying to pull the body down. In water, the effect of gravity on 
the body is lessened because the pressure of the water against the body helps 
keep the body up. 
d. Over a period of millions of years the giant dinosaurs became smaller and 
smaller until they completely disappeared f'.rom the world. 
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9. Which statement is false? 
a. The gorilla is bigger than man3 therefore his brain is bigger also o 
be The gibbons walk on their hind legs and don 9 t have to put their hands on the 
ground when they walk. . 
c . Man has binocular vis:ion3 which means both eyes can look straight ahead at the 
same object at t he same time, something which birds, for example3 can9t do. 
Man also has hands where the thumb can touch each finger of the hand separately, 
thus making it possible for him to hold on to things. 
do Apes also have binocular vision and hands with thumbs which can touch each 
finger separately. 
10. The earliesf;men.!l that is to say those who were enough like ourselves so that we can 
call them men9 first appeared on this world 
a. one thousand years ago c. one billion years ago 
b. one million years ago d. one trillion years ago 
11. Which one of the following apes spends most of his time on the ground illStead 
of in the trees? 
a . the gorilla c. the orangutan 
b. the chimpanzee d. the gibbon 
12. The words Cenozoic, Mesozoic, and Paleozoic are names of 
a. some special ancient flowers 
b. fossils of certain insects 
c. the kinds of food the dinosaurs 
ate 
d. geological ages 
13 • Which of the following are most alike in the way their bodies are made 
a. a man and a fish 
b., a bird and a tree 
c. a dog and a man 
d. a fish and a worm 
1.4. An animal that is born in the water and later lives on land is called 
a. a vertebrate c. a mollusk 
bo an amphibian d. a gastropod 
15o Birds are most closely related to 
a. fishes c. worms 
bo reptiles do mannnals 
16. A whale is one of the following z 
a .. a fish Co a sea monster 
bo a mammal d. a reptile 
17. We learn most about early life on this earth from the study of 
a. rocks c. fossils 
b. ocean life do life in t.he jungles 
18. The 
a. 
b. 
19. The 
a. 
b. 
ear lie st. forms of life started 
in rocks 
in trees 
smallest living thing is 
an insect 
a bacterium 
-3-
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c. in the waters of the ocean 
d. in the air 
c. the sea alga 
de an ameba 
20. Which one of the following does not belong in this group: 
a. the pine tree 
b. the oak tree 
c. the juniper 
d. the fir tree 
21. When we classifY animals and plants, it helps us (chops~ the best answer) 
a. To put our house in order. 
b. To be less mixed-up about living things. 
c. To understand life better by showing us how all life is related to each other. 
d. To find information about a certain plant or animal anytime we want it. 
22. Life on earth as we know it could exist wi. thout one of the following. 'Which one? 
a. clouds c. the moon 
b. the sun d. wind 
23. Which one of the following statements is false1 
a. Plants do not need food, but animals do. 
be Plants turn light fran the sun into chemical energy, but animals do not. 
Co Plants are usually attached to one place and cannot move about, but animals 
can move from place to place. 
de Arrlmals are more sensitive and alert than plants becuase they have nerves 
and muscles which plants do not have. 
24. Of the following which has the greatest control over the numbers and distribution 
of animals? 
a. the number of females 
b o the variety and quantity of plant life 
25. Movement in animals is dependent upon 
a. contraction of muscle 
b o a strong skeletal system 
co the number of males 
d. the proportion of males to 
females 
c. a well-developed cerebral 
cortex 
d., all of these 
26. Our best source of information about animals that lived over a hundred thousand 
years ago is 
a. Darwin's theory of evolution 
bo paintings on cave walls 
c. the animals that are living 
today 
d. fossils 
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27. Evoluti on in plants and animals occurs through an interaction between which of the 
following 
a. 
b. 
the needs of the animal and the size of the 
cerebral cortex 
the ability to adapt to an envirol11l.ent and 
the size of the cerebral cortex 
c. selective breeding and the 
number of natural enemies 
do varieties within a species and 
changes in the environment 
28. Which of the following animals will be most like:cy to survive through an exi'A:-eme:cy 
cold winter? 
a. an animal that lives in water 
b. an animal t hat htmts for food during the 
winter months 
c . an animal that hibernates 
d. an animal with long heavy fur 
29. Which of the following is an example of how man takes advantage of the principle of 
evoluti on? 
a. Man becomes increasingly intelligent with each generation. 
b. The domestication of animals suCh as the cow, pig, and horse. 
c. The elimination of contagious diseases. 
do The use of fertilizer to grow bigger and better food crops. 
30. Of the following, the best way to classify animals is by: 
a. their color 
b. their size 
c . the region in which they live 
d. their living habits and the 
kind of bodies they have 
Form D 
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• The oldest !mow living organism on earth is 
a. a plant c. a whale 
b. a tree d. none of these 
. !!! life depends upon which of the following 
a. algae 
b. water 
• Which statement is the best answer? 
a. Coal is a form of rock. 
b. Coal is a plant. 
The theory of evolution says that 
a. man descended from the ape 
b. man and ape came from a common ancestor 
Protective coloration is primarly an example of 
a. the principles of evolution 
bo the ability of an animal to adapt to its 
environment 
Most animals have 
a. no means of self-protection 
b. just one means of self-protection 
c. carbon monoxide 
d. microscopic plant life 
c. Coal comes fran trees that lived 
on high plateaus millions of years 
ago 
d. Coal is the compressed remains of 
plants that grew in swamP,Y 
forests of the Carboniferous age. 
c. man and ape are varieties of the 
same species 
d. man is independent of evolutionary 
change 
c. Mother Nature 1 s way of taking care 
of her children 
d. deliberate selective breeding 
c. more than one means of self-
protection 
d. unlimited means of self-protection 
Which of the following animals differs most from the others in its food gathering 
methods? 
a. clam c. sponge 
b. oyster d. squid 
Which statement is not true? 
a. At one time, millions of years ago, camels lived in North America. 
b. Sea shells found on mountains or deserts show that those places were once 
covered by the waters of the oceans. 
Co Man is one of the many different species of mammals living today. 
d. At one time, the horse was a much bigger animal than it is today. 
As winter approaChes m~ animals make 
a. many changes c. no changes 
b. very few changes d. same changes 
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o. 1h1ch at the following organisms live in a symbiotic relationship with legumes? 
a. bees c. lichens 
b. nitrogen-fixing bacteria d. te::nnites 
,1. Besides the new plant, most seeds hold a store of 
• 
a-. food 
b. warmth 
Leaves turn toward the 
a. soil 
b. water 
3 • A person needs the least amount of oxygen when 
a. walking 
b. resting 
c. water 
d. eggs 
c. warmth 
d. light 
Co sleeping 
d. running 
• Which of the following is not the reason for animals banding together? 
a. to protect each other c. to warm each other 
, b. to play with each other d. to warn each other 
5. Which of the following is the most important activity of the tree for winter 
survival? 
a. the making of food 
b. the storing of food 
S. Adaptation is necessary for 
a. soil formation 
b. survival 
r. How are seeds with wings distributed? 
a. by birds 
b. by squirrels 
• Garden spiders spin webs to 
• 
a. shed rain 
b 0 make a han.e 
How do most animals solve their problems? 
a. by thinking 
P• by instinct 
c. the development of new buds 
d. the shedding of leaves 
c. gravity 
d. heat 
c. by the wind 
d. by sticking to fur 
c. catch insects 
do keep warm 
c. by study 
d. by learning 
• Which one of the following is not related to the others? 
a. insect c. coral 
b. amphibian d. sponge 
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.1. At what time will birds usually live in flocks? 
a. nesting 
b. finding mates 
c. traveling 
d. feeding 
2. Where is a green-colored insect most like~ to hide? 
a. under rocks c. on plants 
b. in crevices d. on tree bark 
3. Animals could not live if there were no 
a. plants c. stars 
b. other animals d. ice 
4. The chief use of scienti~ic experiments is 
a. to amuse outselves c. to entertain friends 
b. to learn things d. to prove arguments 
5. If all insects were destroyed, which of the following would occur? 
a. the disappearance of many plants c. better living 
b. better soil d. better balance in nature 
6. Involuntary muscles are found in the 
a. legs c. jaws 
b. hands d. stomach 
7. Which one of the following would not be found in the same environment? 
a. walrus c. penguin 
b. polar bear d. muskrat 
:. Which of the following is fed on milk produced by the mother? 
a. the hen c. the gray squirrel 
b. the eel d. the ostrich 
• 
Which animal gives care to its young? 
a. the garter snake c. the turtle 
b. the robin d. the codfish 
, Which of the following is~ increased by exercise? 
a. amount of perspiration c. rate of heart beating 
b. rate of breathing d. rate of digestion 
SCIENCE TEST INSTRUCTION SHEET 
This is a test of your knowledge about biology. 
Look at Question #1 below 
1. Which of the following is a mammal? 
a. 
b. 
owl 
snake 
c. 
d. 
gopher 
lizard 
The correct answer is - c. gopher . Therefore 
the answer space under ~ has been filled in. 
Look at the next three questions and mark your 
answer in the correct answer space. 
2. In what part of the tree do you find chlorophyll? 
a. roots c. branches 
b. bark d. leaves 
3. How many mother bees are there in a hive? 
a. usually more than ten c. many 
b. as many as there are fathers d. one 
4. In which of the following places will you find 
the least amount of animal life? 
a. a plain c. an ocean 
b. a desert d. a jungle 
Your teacher will tell you the correct answers to you can 
see if you got them right. 
Tear off this page and write your name and grade on the other 
side. Notice that there are many answer places for many 
questions like you have just answered. Yfuen the teacher 
tells you to start, read the questions in the test and mark 
rour answer on the answer sheet. If you are not sure of the 
Ulswer mark the one you think is right. 
3E SURE THE NUMBER ON THE ANSWER SHEET MATCHES THE NUMBER 
)F THE QUESTION. 
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ANSWER SPACE 
a b c d e 
1. \\ II I 1\ 1\ 
a b c d e 
2
• ll 1\ II II U 
a b c d e 
3. 11 11 11 ll I) 
a b c d e 
4. II II II II II 
n so~telu.!"!CG c r. live on ,ircly r.lono 
l' dct~nd O"> cacn o ... 'tor for food and. 
shelter: 
Co h:.l~ 1 ~ 1 
d all l.~rrc a.;o 
~ hich of t.n:- folloi.,inc has been on on-tl"> the longest? 
a o man or mm!l!:lal 
bo fishes 
Co bi.r•ds 
do reptJ.leo 
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3 o ··hich is the most ir.Iport.ant reason for decidine if something i~ ltviP,:; o r ,.,n l "'J. 
a o ability to move 
bu ability to adap-t:. to environment 
Co ability to [7.'CJ'.·1 ~n .... Z'"' 
do ability to reprodl!.CC 
4o ··hich of the follcr.·Tinr.; animals will not die of old age? 
ao a snake 
bo an amoba 
!] u A 'Whale io one of the following 
ao n mammal 
bo a fish 
Co a fish 
do a fly 
Co a reptile 
do a sea monster 
6o Of the follovdng the best nay to classify animals is by 
ao their color 
bo their si.ze 
7 o Duddil'l{; occurs or may not occur ill 
ao para.'!lecia 
bo amebas 
Co their Jiving hrun.ts and t1 la.ru.. 
of bod.1.0s they have 
do the region in which they .Li.. r 
Co hydl.'a 
do spiroc;yra 
8. Some carbon is storod fa""' long poriods of time in 
3o oil 
bo conl 
5> o All li vlng things live in 
ao nater or air 
bo ,.,ater 
lOo The male sex organ in the flar:er is the 
D.o pistil 
bo stamen 
J.., Green pL.mts get their nitrogen fran 
ao soU 
b air 
Co natural gas 
do all of these 
Co air· 
do soil 
Co petal 
do sepal 
Oo rain 
do none of these 
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12" Orr;nn:i.c compoUil.l:.i.s ar e brol:c~1 dcr.:r.. by 
a . decay 
b cr cor.1busti on 
l3 o The sr.Iallest livina thing is 
a. an insect 
bu an ameba 
Co a:d.dation 
do all of these 
Co a bacterium 
do a sea algae 
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lho '.'.'hich of ·i.ihe folloVIing methods of reproduction makes for the greai:.ost differences 
in the orea.nism th.a t is born? 
ao binary fission 
bo sexual (both parents) 
c. ase..'ICUal (one parent) 
d. budding 
l$o ~·hioh of the followine are most alike in the way their boG.ies are made? 
ao a man and a fish 
bo a dog and a man 
Co a bird and a tree 
do a fish and a worm 
l6o In a community of living organisms, smaller animals are found to 
ao be less numerous than larger ruti.m.:lls 
b o be more numerous than larger aninals 
17 o Han's most, severe compet.i.tor for food moe 
a o other marJll'!l,:l].s 
bo birds 
c. be obout the sal!'..a in numb9r as 
larger animals 
d. have less available food t han 
larger animals 
Co insect,s 
do fungi 
18 o Reproduction in lower orGanisms by tho formation of a small replica of the parent 
ns an outgrcmth from the parent body is called 
ao sexual 
bo <>.sexual 
Co budding 
do binary fission 
19o .. hlch of tho following does not belong to this group? 
a. the pine tree 
b o the oo.k liree 
20o Birds are most closely related "Go 
ao fishes 
bo reptiles 
Co tho juniper tree 
do the fir tree 
Co worms 
do mammals 
210 'Tnich of the following is on the borderline betTieen the living and the non-living 
a o fungi Co viruses 
bo bacteria do carbohydrates 
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' c :; . · 11 food sup='~~ far coyot :; i., rabbl. ts but occasJ.olli:1.l.cy they \VJ..l L :u Jt 
s:1eo.h • r-nnches decided to el..LTll.rultc all the coyotes fror.. t.'-le a.nge ::;r ' • 
the sheep could be "uetter protectedo · hich of the following cone lusions saoul!l 
not be r;1ade? 
-
D.c. The rabbits nould increase in nUT:'Ibero 
b o The sheep \VOuld hnvc less foodo 
Co The rancher i'lould entirely solvE.. 
his problem 
de The food c;1ain would be upset 
3o Paul says that all livine thL>1gs are me.de up of celJ.se Jane says that only 
nn:Unals are made up of cells and r,>lan~s are differento Johrmy says t.mL orJ.y 
primitive form::; of life arc ::1ndc up of cellso !.tary thinks the others are all 
r~rong o ''.ho is right? 
a., Paul 
bo Jane 
Co Johnny 
do :.iary 
4o The SrJ.nJJ. anotmt of life in the desert is due to 
D.e lack of solar energy 
bo l.nck of nrocipitation 
5o T'ne earliest forms of life started 
no in the waters of the ocean 
bo .f'ro1:1 rocks 
?6o The eartlnrorm i~ 
<lo a rodent 
bo n nn:nal 
7o !mereY is 
D.o cJ.c ctrical 
bo rodinnt 
co 1 ack of minerals 
do all of these 
Co in ·trees 
do in the air 
Co a vertebrate 
do an animal 
Co transformed i'ra:• one lcind to ru1u r 't 
do all of these 
3o -:hlch of the follovt.J..ns does~ need a oatc in order to reproducE? 
llo a frog 
bo a snake 
l 0 The i'Iord evoluti.on refers to 
bo 
anythine more than one nillioll years 
old 
the very slo''' charl{;es that take place 
i.n li vine organisms 
Co a stnrfish 
de an earthworm 
Co monkeys 
do the study of ro~ks 
0 Precipitation, evaporation anu trailSpirntion are all parts of the 
a o rocL cyck: 
b o carhon eye le 
Co ni.t.rogen cycle 
do "\7ater cycle 
l. All living things depend on the sun because 
a. they cannot grow in the dark 
b. it is the first source of all energy 
~. When we classify animals, it helps us chiefly 
a. to put our house in order 
h. to understand life better by showing 
how all life is related to each other 
). The greatest part of the atmosphere is made up 
a. oxygen 
b. carbon dioxide 
~· 'We learn most early life on this earth from the 
a. ocean life 
b. rocks 
• A pollen grain is best defined as a 
a. male sperm cell 
b. spore mother cell 
Form F 
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c. it makes the atmosphere warm 
d. the location of the sun regulates 
the seasons 
c. to be less mixed-up about living 
things 
d. to find information about certain 
plant and animal life any time 
we want it 
of 
c. hydrogen 
d. nitrogen 
study of 
c. fossils 
d. life in the jungles 
c. partially developed embryo 
d. none of these 
~. Doctors have discovered that lactic acid is fonned when muscles do work. Fatigue 
.is caused not only by too much lactic acid but by the lack of rest. During rest 
~eriods food is brought to muscle cells by the blood and lactic acid is carried 
away. When the blood of a very tired dog was put into the body of a rested dog 
the rested dog acted very tired. 
Which of the following statements could prove that lactic acid makes the body tired? 
a. A tired body needs more lactic acid. 
b. Lactic acid forms rapidly during rest 
periods. 
The organ that is not a sense organ is 
a. the ear 
b. the eye 
c. After the injection the rested 
dog's behavior changed. 
d. Too -much exercise causes fati gue. 
c. the brain 
d. the tongue 
When a fiower reproduces through a seed, this is an example of 
a. asexual reproduction c. budding 
b. binary fission d. sexual reproduction 
Interests are things that are 
a. usually change as we grow older c. people are born with 
b. remain the same all our lives d. change slowly in children 
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Mary has a pet hen which she keeps in a pen outside the window of her room. It laid 
several eggs every day. Mary decided one day to let the mother hen keep her eggs so 
that sh~ could have baby chicks. For some unknown reason the mother hen died. Mary 
built an incubator using an electric light bulb. She put the eggs in it and waited 
for them to hatch. After several weeks all the eggs were rotten. 'Why didn 1t the 
eggs hatch? 
a. Whatever killed the mother also killed 
the baby chicks. 
b. The eggs were not fertilized. 
c . Mary had not built the incubator 
correctly. 
d. Eggs can be hatched only by the 
mother hen. 
The most important feature in a conmnmity of living things is 
a. the food chain 
b. sexual reproduction 
Different soils are 
a. much the same in their chemistry 
b. caused by their different organic 
inhabitants 
An example of asexual reproduction would be 
a. an oak tree growing an acorn 
b. a queen bee growing from larva 
c. predation 
d. none of these 
c. all about 7 8% nitrogen 
d. quite different in their 
composition 
c. an ameba dividing in two 
d. a cat giving birth to kittens 
An animal that is born in the water and later lives on land is called 
ae a vertebrate 
h. an Amphibian 
c . a gastropod 
do a mollusk 
The dividing of a full grown ameba to form two daughter cells is an example of 
a. conjugation c . mitosis 
b e simple fission d. amitosis 
Each animal at one time in its life history was a single celled organism similar 
in some ways to an amebae Slowly the animal graws:~ cell by cell$ with the cells 
dividing much in the same way the ameba does. Since you are an animal_, this includes 
you. 
a. The statements are not true. 
b., This process is one of the facts that 
hel ps to support evolution. 
Ce The statements are true for all 
other animals, but not true for 
man. 
d . This is an idea held by people 
who do not believe in Gode 
Practically all energy and most material things in all living things must first 
pass through which farm 
lo animili 
>e minerals 
c . green plants . 
de none of these 
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• There are more than one of the following on this earth than any other. Which one is 
it? 
a. fishes 
bo mammals 
c . insects 
d. men and women 
• Which of the following statements is false? 
a. Plants turn light from the S1lll into chemical c. 
energy but animals do not. 
Plants do not need food but animals do. 
d. 
Plants are usually attached to 
one place and do not move about 
but animals can move fran place 
to place. 
Animals are more sensitive and 
alert than plants because they 
have nerves and muscles. 
• A migrating bird is one that 
a. never builds a nest or raises a family 
b. spends different parts of the year in 
different places 
c. never returns to the place it 
has left 
d. spend an entire year in one place 
• When Peter wanted to open the cellar door he tried many keys 1mtil he fo1md the one 
that would open it. Peter's behavior is an example of 
a. testing a reasonable guess c. trial and error 
b. logical reasoning d. learning from past experience 
'• The fur of white-tailed jack rabbit turns white in the winter 
e 
a., to make the rabbit prettier 
b. to protect the. rabbit fran the cold 
Turtles 
c. to protect the rabbit from his 
enemies 
d. all of these 
a. often remain in one locality for a lifetime c. 
b., migrate long distances each year d. 
never stay in the same place 
spend short peri ods of t ime in 
different pl aces 
Which of the following animals live in well-organized colonies and are good builders 
of homes 
a. rabbits 
b., muskrats 
Harmful bacteria are the ones that cause 
a. infection 
b. dec~ the soil 
c. buffaloes 
d. squirrels 
c . cider to become vinegar 
d. milk to become cheese 
-4-
~ . The term "cold bloodedtt means that an animal 
a. has cold blood 
b. must live in a warm climate 
I• An insect uses its antennae 
a. to help get its food 
b. to aid in walking 
Trees 
a. rob the soil of plant food 
b. cause erosion of the soil 
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c. has no circulatory system 
d. tends to take on the temperature 
of his environment 
c. as weapons 
d. as feelers 
c. enrich the soil 
d. do not affect the soil 
The number of species of man living at the present time is 
a. two c. three 
b. one d. five 
• Which of the following is not a true likemss between the amphibian and the reptile 
a. both are cold blooded c. both have lungs 
b. both are vertebrates d. both have larva stages: 
.. 
ORECTIONS FOR ADMINISTRATION -- SCIENCE INFORMATION TEST--NATURAL SCIENCE TV SERIES 
Explain to the children why they are taking the particular test. 
below) . (Read paragraphs 
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In October you will start seeing a series of natural science programs on television. 
The Audubon Society has prepared these programs. This sc.ience series has been made 
possible by a grant from our national government. 
At different times you will take some tests so that we can find out how much you 
already know about scienceo how much you have learned and whether or not you like 
science. 
Distribute the special pencils and explain how to use them. Make sur.e the mark 
is dark and well erased if the mark must be removed. 
Distribute answer sheets and have the children fill out name, date, school, and 
sex. 
Distribute booklets , face down while the children are filling out the personal 
information. 
Read these instructions to them. 
1is is a test of your knowledge about natural science . Look at Question #1. 
Which of the f ollowing is a mammal? 
a. owl 
b. snake 
c. gopher 
d. lizard 
The correct answer is c. gopher . Therefore the answer space under c has been filled 
in. (Make sure they understand ll before having them work items 2-4. As they work 
items 2-4, check to make sure they understand how to mark their answers.) 
Look at the next three questions and mark your answer in the correct answer space. 
(After they have marked their answers read the f ollowing;) 
Question 12 asks in what part of the tree do you find chlorophyll? The correct 
answer is d. the leaves, so you should have marked the answer space under d . 
Question 13 asks how many mother bees are there in a hive? The correct answer is 
d . one , so you should have marked the answer space under d. 
Question 14 asks in which of the following places will you find t he least amount of 
animal life? The correct answer is b. a desert , so you should have marked the answer 
space under b . Does everybody understand how t o mark their answers? 
(Correct any confusion about marking the answers before proceeding. This is the only 
point at which confusion should arise . ) 
When you turn this page over you will see many answer places for many questions like 
those you have just answered. Look at the first question of the test. Decide which 
you think is the correct answer and mark the correct space on the answer sheet. If 
you are not sure , mark the answer you think is right . If you really don 1 t know, don 1 t 
mark anything . Be sure the number on the answer sheet matches the number of the 
1uestion. Begin. 
lfter completion of the testing period, collect test booklets, answer sheets, and 
:Jencils . Please hold the materials until a member of the Boston University research 
Natural Science Information Test 
t what time will birds usually live 
n flocks? 
1 nesting 
o f inding mates 
• traveling 
o feeding 
ich of the following is fed on 
ilk produced by the mother? 
• the hen 
• the eel 
• the grey squirrel 
• the ostrich 
eaves turn toward the 
1
o soil 
• water 
o warmth 
• light 
J.e smallest living thing is 
an insect 
a bacterium 
the sea alga 
an ameba 
lch statement is the best answer? 
Coal is a form of rock. 
Coal is a plal\.t o 
Coal comes from trees that lived 
on high plateaus million of years 
ago. 
Coal is the compressed remains of 
plants that grew in swampy forests 
of the Carboniferous age . 
:ipitation, evaporation and trans-
.tion are all parts of the 
rock .cycle 
:arbon cycle 
rl.trogen cycle 
vater cycle 
•Arn mo~t about early life on this 
L from the study Of 
c~an life 
oc\<.s 
·oss1la 
ife in the jtmgles 
8o Which of t he f ollowing does not need 
a mate in order to reproduce~ 
a. a frog 
b. a snake 
c. a starfish 
d. an earthworm 
9. White cells in the blood 
a. destroy germs 
b. make blood clot 
c. carry oxygen to the cells 
d. outnumber the red cells 
10. How are seeds with wings distributed? 
a. by birds 
b ., by squirrels 
c. by the wind 
d., by sticking to fur 
11. Which of the following is on the border-
line between the living and the non-
living 
a. fungi 
bo bacteria 
Co viruses 
d. carbohydrates 
12. The male deer uses his antlers to 
13. 
a. protect himself from other animals 
b. dig up food 
co balance his weight when he runs 
d . attract the female deer 
Which one of the following would not 
be found in the same environment? 
a. walrus 
b. polar bear 
c. ptarmigan 
do muskrat 
Which of the following is not the reason 
for why the dinosaur became-extinct? 
a. they were killed off by man 
b. they could not adapt to climate 
changes 
c. they could not find enough fO.Q..d 
do they were cold-blooded animals 
Red blood cells carry 
a o antibodies 
• o~gen 
c . hormones 
do urea 
Which of the following animals live in 
well-organized colonies and are good 
builders of homes? 
a. rabbits 
• muskrats 
c. buffaloes 
do squirrels 
The green material in leaves 
. 
a. 'protects the plant from the heat of 
the sun 
b. works with the sun light to produce 
1 
sugar 
co does nothing more than give the leaf 
color 
do is there to protect green bugs 
The chief use of scientific experiments 
ts 
·0 
to amuse ourselves 
to learn things 
to entertain friends 
to prove arguments 
hich one of the following statements is 
:Use? 
Plants do not need food, but animals doo 
Plants turn light from the sun into 
chemical energy, but animals do not. 
Plants are usuallY attached to one place 
and cannot move about, but animals can 
move from place to place. 
Animals are more sensitive and alert 
than plants because they have nerves 
and muscles which plants do not have. 
~ main food supply for coyotes is rabbits 
; occasionally they will prey on sheep. 
•ancher decided to eliminate all the 
rotes from the range so that the sheep 
lld be better protected·. Which of the 
lowing should ~ be made? 
The rabbits would increase in number. 
The sheep would have less foodo 
The rancher would entirely solve his 
problem. 
- ~-~ -h-~n woaZd be uuset. 
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21. A 'plant that contains no chlorophyll 
i s the 
a. dandelion 
b. sea weed 
C o fern 
d. mushroom 
22. An insect uses its antennae 
23. 
24. 
a. to help get its food 
b. to aid in walld.ng 
c. as weapons 
d. as feelers 
The fur of white-tailed jack rabbit 
turns white in the winter. This helps 
c. 
d. 
to make t he rabbit prettier 
to protect the rabbit from the cold 
to protect the rabbit from his 
enemies 
all of these 
Which of the following methods of repro-
duction makes for the greatest possible 
differences in the organism that is 
born? 
a. binary fission 
b. sexual (both parents) 
c. asexual (one parent) 
d. budding 
25. When we classif'y animals and plants, 
it helps us (choose the best answer) 
a. to put our house in order 
b. to be less mixed-up about living 
things 
c. to understand life better by 
showing us how all life is 
related to each other 
d. to find information about a certain 
p_;l.ant or animal anytime we want it 
26. An arrlJnal that is born in the water 
and later lives on land is called 
a. a vertebrate 
b. an amphibian 
c . a gastropod 
d. a mollusk 
27. All living things live in 
a. water or air 
b. water 
c. air 
Which of the following does not belong to 
t his group? 
a. the pine tree 
b. the oak tree 
c. the juniper tree 
d. the fir tree 
The earliest forms of life started 
a. in the waters of .the ocean 
b. from rocks 
c. in trees 
d. in the air 
Which of the following forms of life 
~~lay eggs? 
a, spider 
b. grasshopper. 
c. caterpillar 
d. frog 
A whale is one of the following 
a. a mammal 
b.. a fish ·. 
c. a reptile 
d. a sea monster 
Mary has a pet hen which she keeps in a 
pen outside the window of her roan. It 
laid several eggs every. day. Mary 
decided one day to let the mother hen 
keep her eggs so that she could have 
baby chicks. For some unlmown reason 
the mother hen died. Mary built an 
incubator using an electric light bulb. 
She put the eggs in it and waited for 
them to hatch. After several weeks all · 
the eggs were rotten. Why didn.'t the 
eggs hatch? 
a. Whatever killed the mother also 
killed the baby chicks. 
b. The eggs were not fertilized. 
c. Mary had not built the incubator 
correctly. 
d. Eggs can be hatched only by the 
mother hen. 
Adaptation is necessary for 
a. soil formation 
b. survival 
c. gravity 
d. heat 
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34. ·Which one of the following statements 
is not true? 
a. A plant or animal that is now a 
fossil was buried millions of years 
ago before it decayed. It was buried 
by natural forces such as floods, 
avalanches, earthquakes, and so on. 
b. Fossils existed on this earth before 
there was any kind of life around. 
c. From the study' of fossils we know 
that millions of years ago there 
were certain kinds of animals 
living on this world that can no 
longer be found anywhere. 
d. The earliest forms of life were so 
small and their bodies so soft that 
no fossils of them have yet been 
found. 
35. The behavior of most animals is governed 
by 
a. by thinking 
b. by instinct 
c. by study 
d. by learning 
36. Garden spiders spin webs to 
a. shed rain 
b. make a home 
c. catch insects 
d. keep warm 
37. To which of the following activities 
can the food supply of the world be 
traced? 
a. The activity of the cytoplasm 
b. The activity of chromatin 
c. The activity of cellulose 
d. The activity- of chlorophyll 
38. Which of the following an:i.Jna] s differs 
most from the others in its food 
gathering methods? 
a. clam 
b. oyster 
c. sponge 
d. squid 
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Which is the ~unique functional feature 46. 
that distinguishes green plants from animals. 
Our best source of information about 
animals that lived over a hundred 
thousand years ago is 
a. mode of respiration 
b. ability to manufacture food from 
inorganic matter 
c. greater extremes in length of 
life span 
d. mode of reproduction 
Besides the new plant, most seeds hold a 
store o:f 
a. food 
b. warmth 
c. water 
d. eggs 
Living things 
a. sometimes can live entirely alone 1 
b • depend on each other for food and 
shelter : 
Co have little influence on each other 
d. all have about the same enviroments 
'\*111ich one of the following has been on 
the earth the longest? 
a. man and other mammals 
b. fishes 
Co b~s 
do reptiles 
When Peter opened the cellar door he tried 
maey keys until he found the one that would 
open it. Peter's behavior is an example of 
a. testing a re~sonable guess 
b. logical reasoning 
c. trial and error 
d. learning from past experience 
Of the following, the best way to cl.assi.f'y 
animals is by: 
a. their color 
b. their size 
c. ~he region in which they live 
do their living habits and the kind 
of bodies they have 
A migrating bird is one that 
a. never builds a nest or raises a family 
b. spends different parts of the year in 
different places 
c. never returns to the place it has left 
d. spends an entire year in one place 
47. 
a. Darwin's theory of evolution 
b. paintings on cave walls 
c. the animals that are living today 
d. fossils 
The term "cold-blooded" means that an 
animal 
a. has cold blood 
b. must live in a warm climate 
c. has no circulatory system 
d. tends to take on the temperature 
of his environment 
48. Which of the following is a true fish? 
a. jellyfish 
b. starfish 
c. crayfish 
d. swordfish 
49. The most important feature in a 
community of living things is 
a. the food chain 
b. sexual reproduction 
c. predation 
d. none of these 
5o. A cell soon dies if it has no 
a. chloroplasts 
b. nucleus 
c. cellulose 
d. cell wall 
51. Where is a green-colored insect most 
likely to hide? 
a. under rocks 
b. in crevices 
c. on plants 
d. on tree bark 
)Z. If all insects were destroyed, which 
of the :following would occur? 
a. the disappearance o:f many plants 
b. better soil 
c. better living 
d. better balance in nature 
Green plants get their nitrogen direct:Iy 
from 
a. soU 
bo air 
c. rain 
d. none of these 
Mushrooms reproduce from 
a. runners 
b. bud 
Co seeds 
d. spores 
Molds get their energy from 
a. the sun 
b. water 
c. other plants and animals 
d. from nonorganic chemicals in the soU 
Which animal gives care to its young? 
a. the garter snake 
b. the robin 
c, the turtle 
d. the codfish 
Who is right? Paul says that all living 
things are made up of cells. Jane says 
that only animals are maqe up of cells and 
plants are different. Johnny says that 
only primitive fonns of life are made up 
of cells. Mary thinks the others are all 
wrong. 
a. Paul 
b o Jane 
c. Johru:Jy 
d. Mary 
An example of asexual reproduction would be 
a. an oak tree growing an acorn 
b o a queen bee growing from larva 
c. an ameba dividing in two 
d. a cat giving birth to kittens 
Movement in animals is dependent upon 
a. contraction of muscle 
b. a strong skeletal system 
Co a well-developed cerebral cortex 
do all. of these 
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60. Which of the following organisms 
live in a symbiotic relationship 
with only legumes? 
a. bees 
b. ni trogen-firlng bacteria 
o. lichens 
d. termites 
61. 1rhich of the following is not a true 
likeness between the amphibian and 
the reptile? 
a. both are cold blooded 
b. both are vertebrates 
c. both have lungs 
d. both have larva stages 
62. Man canpetes for food most of'ten with 
a. other animals 
b. birds 
c. insects 
d. fungi 
63. Which of the following is the most 
social animal? 
a. the bee 
b. the mountain lion 
c. the deer 
d. the seal 
64. A pollen grain is best defined as a 
a. male sperm cell 
b. spore mother cell 
c. partially developed embryo 
d. none of these 
65. Energy is obtained from food lthen it is 
a. swallowed 
b. oxidized 
c. chewed 
d. digested 
66. or the following which has the greatest 
control over the numbers and distribu-
tion of animals? 
a. the number of females 
b. the variety and quantity of plant 
life 
c. the number of males 
do the proportion of males to females 
The male sex organ in the flower is itte 
ao pistil 
b. stamen 
Co petal 
do sepal 
The blood system of man is 
a. closed 
bo open 
c. open in 'places 
d. open at one end 
An orange if left in a warm damp 
place will soon become moldy. This 
mold started from 
ao the effect of heat and moisture on 
the carbohydrates in the orange 
bo spores 
Co bacteria 
do bruises on the orange 
All energy and most material things in all 
living things must pass through which form 
a. animal 
b. minerals 
Co green plants 
d. none of these 
This animal eats primarily 
a. small insects 
b. leaves 
Co worms 
dCII bark 
This is a picture of the 
a. paramecium 
b. spore 
Co diatom 
d. ameba 
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73. 'fhi.s is a picture of a seed. Most 
likely it wili be moved from place 
to place by 
a.. being blown by wind 
bl. beirig eaten by animals 
c. floating down a stream 
d. oatching on the fm- of an animal 
74. This is a pictm-e of the lower jaw 
bone of 8D animal. This animal ate 
mostly 
a. meat 
b. plants 
c. plants and meat 
d. rmts 
75. This is a picture of the Portuguese 
Man of War. It lives in the sea. 
It is 
a. a fish 
b. an animal 
c. a 'plant 
d. a nower 
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Which of the following is fed on 
milk produced by the mother? 
a. the hen 
b. the eel 
c. the grey squirrel 
d. the ostrich 
Leaves turn toward the 
a. soil 
b. water 
c. warmth 
d. light 
The smaliest living thing is 
a. an insect 
b. a bacterium 
c. the sea alga 
Which of the following does not need 
a mate in order to reproduce~ 
a. a frog 
b. a snake 
c. a starfish 
d. an earthworm 
White cells in the blood 
a. destroy gems 
b. make blood clot 
c. carry oxtgen to the cells 
d. outnumber the red cells 
How are seeds with wings distributed? 
a. by birds 
b'. by squirrels 
c. by the wind 
d. by sticking to fur 
Which of the following is on the border-
line between the living and the non-
liv:J_ng 
a. fungi 
b. bacteria 
c. viruses 
d. carbohydrates 
The male deer uses his antlers to 
a. protect himself from other animals 
b. dig up food 
c. balahce his weight when he runs 
d. attract the female deer 
9. Which of the following is not t he 
reason for why the dinosaurlbeoame 
~tinct? 
a. they were killed off by man 
b. they could not adapt to climate 
changes 
c. they could not find enough food 
d. they were cold-blooded animals 
10. 'Mlich of the following animals live 
in well-organized colonies and are 
good builders of homes? 
a. rabbits 
b. muskrats 
c • buffaloes 
d. squirrels 
11. The green material in leaves 
a. protects the plant from the heat 
of the sun 
b. works with the sun light to 
produce sugar 
c. does nothing more than give the 
leaf color 
d. is there to· protect green bugs 
12. Which one of the following state-
ments is false? 
13. 
a. Plants do not need food, but 
animals do. 
b. Plants turn light from the sun 
into chemical energy, but 
animals do not. 
c. Plants are usually attached to 
one place and cannot move abo~t, 
but animals can move from place 
to place. 
d. Animals are more sensitive and 
alert than plants because they 
have nerves ·and muscles which 
plants do not have. 
An insect uses its antennae 
a. to help get its food 
b. to aid in walking 
c. as weapons 
d. as feelers 
The fur of white-tailed jack rabbit 
turns white in the winter. This helps 
a. to make the rabbit prettier 
b. to protect the rabbit from the cold 
c. to protect the rabbit from his enemies 
d. all of these 
·when we classify animals and plants, 
it helps us · (choose the best answer) 
a. to put our house in order 
b. to be less mixed-up about living 
things 
c. to understand life better by 
showing us how all life is 
related to each other 
d. to find information about a certain 
plant or animal anytime we want it 
All living things live in 
a . water or air 
b. water 
c. air 
d. soil 
Y~ich of the following does ~ belong to 
this group? 
a. the pine tree 
b. t he oak tree 
c. t he juniper tree 
d. the fir tree 
Which of the gollowing forms of life 
does not' lay eggs? 
a. spider 
b. grasshopper 
c. caterpillar 
d. frog 
A whale is one of the following 
a. a manmal 
b. a fish 
c. a reptile 
d. a sea monster 
Adaptation is necessary for 
a. soil formation 
b. survival 
c. gravity 
d. heat 
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21. The behavior of most animals i s 
governed by 
a. by thinking 
b • by instinct 
c. by ·study 
d. by learning 
22. To which of the .following act ivities 
can the food supply of the world be 
ti"aced? 
a. The activity of the cytoplasm 
b. The activity of chroma tin 
c. The activity of cellulose 
d. The activity of chlorophyll 
23. Which is the most unisue functional 
feature that OISting~shes green 
plants from animals? 
a . mode of respiration 
b. ability to manufacture food from 
inorganic matter 
c. greater extremes in length of 
life span 
d. mode of reproduction 
24. Besides the new pl ant, most seeds hold 
a store of 
a. food 
b. warmth 
c. <vater 
d. eggs 
25. Living things 
a. sometimes can live entirely alone 
b. depend on each other for food 
and shelter 
c. have little influence on each 
other 
d. all have about the same 
environments 
26. Which one of the following has been 
on the earth the longest? 
a. man and other mammals 
b . fishes 
c. birds 
d. r eptiles 
-3-
• Of the following, the best way to classify 
animals is byt 
• 
a. their color 
b. their size 
c. the region in which they live 
d. their living habits and the kind 
of bodies they have 
The term "cold-blooded'' means that an 
animal 
a. has cold blood 
b. must live in a warm climate 
c. has no circulatory system 
d. tends to take on the temperature 
of his environment 
• The most important feature in a 
community of living things is 
a. the food chain 
b. sexual reproduction 
c. predation 
d. none of these 
• If all insects were destroyed, which 
of the following would occur? 
a. the disappearance of many plants 
b. better soil 
c. better living 
d. better balance in nature 
.• Green plants get their nitrogen directly 
from 
n. soil 
b . air 
c. rain 
d. none of these 
Which animal gives care to its young? 
a. the garter snake 
b. t he robin 
c. the turtle 
d. the codfish 
• 
Movement in animals is dependent upon 
a. contraction of muscle 
b. a strong skeletal system 
c. a well-developed cerebral cortex 
d. all of these 
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34. Man competes for food most oft en 
with 
a. other animals 
b. birds 
c. insects 
d. fungi 
35. Which of the following is the mos t 
social animal? 
a . t he bee 
b. t he mountain lion 
c. the deer 
d. the seal 
36. Energy is obtained from food when 
it is 
a. swallowed 
b. oxidized 
c. chewed 
d. digested 
37. All energy and most material 
things in all living things must 
pass through which form 
a. animal 
b. minerals 
c. green plants 
d. none of these 
38. This animal eats 
a. small insects 
b . leaves 
c. worms 
d. bark 
39. This is a picture of a seed. Most 
likely it vdll be moved from place 
to place by 
a • 
b . 
c. 
d. 
being blovm by wind 
being eaten by animals 
floating down a stream 
catching on the fur of an animal 
URECTIONS FOR ADMINISTRATION--SCIENCE VOCABULARY TEST--NATURAL SCIENCE TV SERIES 
0 
, 
Explain to the children why they are taking the particular test. 
below). 
(Read paragraph 
In October you will start seeing a series of natural science programs on television. 
The Audubon Society has prepared these programs. This science series has been made 
possible by a grant from our national government. 
At differ €nt times you will take some tests so that we can find out how much you 
already know about natural science and whether or not you like science. 
Distribute the special pencils. Make sure the mark is dark and well erased, if the 
mark must be removed. 
Distribute answer sheets and have the children fill out name, date, school, and sex. 
Turn over to face page for instructio~ 
Read these instructions to them. 
This is a test of how many science words you know. The two words listed below, 
CHIPMUNK and ROBIN are related to Nature Study. One is an animal; one is a bird. 
Mark the space under A to indicate which is the animal and mark the space under the 
B to show which is the bird. The chipmunk is an animal so you should have marked 
the space under A. The robin is a bird so you should have marked the B space. 
(Make sure the first item is understood before proceeding with the g~oup of five. 
Point out that the letters to be marked are the first letters of each of the 
classification words . ) 
Read: Below are more words. Mark the proper space to show whether the word refers 
to A-Animal, B-Bird , F-Flower, R-Rock, or T-Tree. The first word has been marked for 
you. Granite is a 'rock , therefore the R space for Rock has been marked. 
The second word is violet. Mark the correct letter. (Allow about 10 seconds for 
selection). 
Violet is a flower, therefore the F space should have been marked. 
The third word is rockmaple . (Time) Rockmaple is a tree, therefore the T space 
should have been marked. 
The fourth word is blue jay. (Time) Blue jay is a bird, therefore the B space 
should have been marked. 
The fifth word is wolf. (Time) Wolf is an animal, therefore the A space should 
ha~e been marked . (Tell the children to raise their hands if you are going too 
rapidly . Check to make certain they understand the marking). 
Read: On the other side of the page are more words like these to be marked. I 
will read the word aloud and you will mark the space which indicates what the word 
is . Do not mark the words on the bottom half of the page. Remember to mark the 
space under the correct letter . I will read each column down to middle section. 
Start in the first column. 
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ANI!.'AtS 
BIRDS 
FLO'IH<S 
ROCKS i ORES 
GEM3 
TREES 
PLANTS 
VERTEBRATES 
INVERTEBRATES 
NUTR lTI ~ 
REPROOUCT·ION 
A ') F: 
OtTER 
A 8 F R 
STARLING 
.\8FRY 
SLATE 
A 8 F R T 
IIA'l1THORN 
A 8 ~ R I 
CATTAiL 
A B F R T 
BRA liMA 
A B F R T 
EMERALD 
A 8 F R 'T 
SUMt1C 
.'\ 6 F R r 
BADGER 
A B r· R T 
BALSAM 
A 8 r R T 
CHICKADEE 
A B F R T 
GRAPHITE 
A B F R i 
PUMA 
A B r R T 
SliRll':li 
A B F H T 
YEll 
p v 1 N R 
CALORIE 
p v I N R 
mu: 
P V N R 
S.4GUARO 
P Y I N R 
TYRANNOSAUR 
P V I N R 
BLADE 
P V I N R 
STIGMA 
P V l N R 
J11'EROJJAC.11'L, 
P V l N R 
CROCOTJ/ u: 
P V I N R 
PISTIL 
P V I N R 
ENTmfOUJCY 
P V I N R 
DINOSAUR 
p v I N R 
PETAL 
P V I N R 
FERTILIZE 
? V l N R 
PISCES 
P V I N R 
e 
P'iR/J 1~ 
A B f- R T 
ORCfl/D 
A 8 r R T 
COCKER 
A 8 ~ R T 
OPOSSUM 
A B F R i 
W ..fRBLER 
A B F R T 
FLlNT 
A a F R T 
SOURGUM 
A 8 F R T 
COif'S LIP 
A B r R T 
CEDAR 
f.. B F R T 
WREN 
A B F R T 
ASTER 
A B F R T 
IRO.?JVEED 
A 8 F R T 
AN1'ELOPE 
A B F R T 
OP..4L 
A B F R i 
BU.TTERFLY 
P V I N R 
REPTILE 
P V 1 N R 
GAMETE 
P V I N R 
!JlRCll 
P V l N R 
SPOnE 
P V 1 N R 
AUE!JA 
P V I N R 
FEMALE 
P V l N R 
MAPLE 
P V I N R 
WORM 
P V I N R 
ORN!Tl!OLGGY 
P V 1 N R 
GE"IES 
P V I N R 
PANCREAS 
P V I N R 
SU,GAR 
P V I N R 
SNAKB 
P V I N R 
RECTUM 
P V I N R 
A 9 • R 
A !4. tn U iS 
A 8 F R T' 
COPHER 
A B f- R T 
CALCITE 
A B F f: T 
LARK 
A B r R ·r 
JADE 
A B F R T 
SWEHT Gl/.11 
A B F R T 
: 
A. B r P. 
B/Sf)N 
"' e ,. R 
TOOAZ 
A B t= R l 
R04.DTWNNF:R 
A B f R T 
COLUMBINE 
A S F R 1 
BOB'!lli!TE 
A B F R r 
!JAZELNVT 
A B F R T 
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f, .nNE 
A S P. i 
JaNGLET 
A 8 f ~ 
?E.1Cl! 
A 6 F R T 
LOBELIA 
A 8 l- R T 
TOUCH-~fE~VOT 
A 8 F R T 
UOURNlNG DOVE 
A B F R "!' 
CHALK JE!f!ELWEEf) llLACK·RYED SUSAN 
A B F R T 
CU!mt~'SE~' 
A B F R T. 
OSfFEGO T£,1 
A 6 F R T 
FLICKER 
A B f R T 
BUT.TOfllWOOD 
A 8 F R T 
GOLD 
A B F R T 
WEASEL 
A 6 ~ R T 
GOLD F ltV C !1 
A B F R T 
l/AWK. 
P V t N R 
BREEDING 
P 1/ I N fl 
ENZYM& 
P V l N R 
A B F R T A B F R T 
~iSS·: FRAS ONi.' \' 
ABFRT ABFRT 
LYNX QUEEN ,f.VNYS LACE 
A BFR t ABFR"J 
BEECH 
A B 'F R , 
AMETHYST 
A B f R T 
PHEASANT 
A B F R 1' 
lNDlAN PIPE 
A B F R T 
ANGORA 
A B F R r 
MOSQUITO 
P v N n 
LOON 
P V N R 
FLEDGLTNG. 
p v N R 
PLATiNUM 
A B F R '( 
HEMLOCK 
A B F R T 
DANDEUON 
A B F R T 
BEf,GlAN MARE 
A B F R T 
ALDER 
A 8 f- R 1 
fJYS1'ER 
)> 1/ , N R 
MUSllROOM 
P V 1 H R 
SEA CUCUMBER 
P V 1 N R 
BEE REGENERii T/ON DIET 
p v I N R p v I N R P V l N R 
SLU,G 
P V I N R 
PEAT 
P V l N R 
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~ATURAL SCIENCE TV RESE.A.'i.CH PROJECT: TEACHER REPORT FOR Week Ending'-------
------------------------ TV Program Number _____________ _ 
(
.our Name 
(
chool ______________________ Research TV inj.t. TV Term 
-Assignment St~~_Q_u:ide IIndep . Dir. 
ime alloted exclusive of TV Program minutes (Check 3) Class Assign. flndividual 
CLASSROOM SCIENCE P:lOORAM 
(check appropiate description belovr) 
1-- ---· ~---- - - · . -
ethod of Introduction 
,....... ___ Vocabulary Study 
j Concept development 
Implementing Pupil Information 
1,.----....,Picture Study 
1 Leading questions 
Other (7) 
------ ----------------
~structional Procedure 
Discussion - teacher directed 
.-------Discussion - pupil directed 
;,-----Reading to find specific information 
as a class unit 
--------. by individual or small 
------
!------Reading materials used 
Science text 
-----
groups 
Correlated references 
------Special assignments 
------
valuation Procedure 
Oral quiz 
- -----.Written quiz 
I Discussion by groups of work 
accomplished 
Individual reports 
r-----~General Class recitation 
I 
question-answer responses 
vontro.L Group Check here - I I 
PUPIL ACTIVITIES 
Class Activities- projects, experi-
ments etc., carried out - please list 
Individual Pupil Activities - list 
projects underway and number of pupils 
engaged in same. 
lease make any comments, suggestions or criticisms as you desire 
APPENDIX G 
PARENT OCCUPATION CHECK LIST 
cher Your Name 
t kind. of wo.rk doas. .your father (or moth.ar (if she is the principal Horke r) do? 
e of j.ob 
If the. job. i f> 
Jobs su ch as . 
in th.e ARrS field check h ere 
Actor 
Artis t 
Illustrator 
Author - writ er 
Musician 
Composer 
If he i s a SCIENTIST check her e 
J obs such as 
If the j ob is 
Jobs such as 
If the j ob is 
Jobs such as 
-Chemist 
Economist 
Psycholo,5ist 
Biologist 
Physisist 
Astronorn.er 
Gelogist 
in one of the PBOFESSI ONS check her e --7 ~ 
Account ant U 
Clergyman 
Te~.~.cher 
Dentist 
Engineers - mechanic~l 
- electrical 
Lawyer 
Phy sician 
Phor.:na cist 
in any OTHER FIELD check here 
Bookkeeper 
Clerk or Typist 
Hous~eeper or. Waiter 
Policeman or Fireman 
Fisherman. or Fanner 
Salesman 
Busines.sman 
Forema. n 
J eweler 
Carpenter. or. Elec&rician 
Machinist or.Mechanic 
Factory worker 
Truckdriver 
Baker 
232 
APPENDIX H 
SAMPLES OF INSTRUCTIONAL AIDS 
SUPPLIED TO TEACHERS 
Brief Outlines of Individua l Programs 
Pupil Project Guide 
[.ORATION /11 ALIVE OR NOT ALIVE 234 
· program will discuss the distinction between living and non-living matter. It will be 
strated bv model systems which mimic the various characteristics of life. 
• Such characteristics as the use of energy, growth, reproduction, and 
onse to stimuli will be discussed. 
is complex but arranged or organized into a world.ng system w~ch involves first of all 
getting of food. Some source of energy is necessary for all living things and som~ non-
things too. The tald.ng in of food, using it as energy, which makes growth poss~ble, 
discarding the waste is called metabolism. Although the're are non-living things that 
, this growth occurs on the surfaces or edges whereas the growth of living things 
lves changes on the inside as well. 
her characteristic of living things if reproduction. For its ldnd to survive a living 
must leave copies of itself. The adaptations that a living organism has to enable 
o survive; that is, to eat, to grow and to reproduce, are directly related to its 
oundings . This community life into which living things are organized exemplif.ies the 
liar phrase "balance of nature". -Living things are interdependent. Every living thing 
~$ on plants for food because only plants can make food, using the energy of the sun 
raw materials from the soil and air. 
cell is the basic unit of life and a one-celled animal or one-celled plant has all the 
acteristics of living organism; it breathes and feeds; it used energy and grows; it 
oduceso 
lly, it is helpful to think of life as a continuing process-involving motion and 
The study of life is a study of things that change and our knowledge is in a state 
too. 
cell, energy, organism, reproduction, adaptation 
THESE ARE ANnfAI.S 
characteristics of animals will be the central theme of this program. Movement as a 
s of obtaining food and the use of food as a source o.f energy will be discussed. 
makes an animal different from a plant? Both are living things, made up of cells. 
are able to grow, reproduce themselves and respond to the outside world. Motion is 
obvious difference. .Motion is the major characteristic of the animal way of life 
this activity varies greatly from traveling remarkable distances to simp~ moving 
s of the boqy. High developed control of rapid activity characterizes the most 
essful animals today: the insects and vertebrates. One of the great differences 
g animals--warm and cold-bloodedness--is related to activity. 
rganism is a controlled chemical factory, and to keep it going ideally it needs warmth. 
eep warm it requires energy and nothing can move without a source of energy. For 
ls to obtain energy from their "packaged foodtt, the package must first be opened; 
food must be burned or ox:ydized. This process of burning or o.xydization is called 
iration and is a process which goes on in every living cell, whether plant or animal. 
als depend upon the photosynthetic activities of plants for their food; no animal 
ble to derive energy directly from non-living matter. Plants can use non-living 
er to make food but animals cannot and nmst depend on plant activity-the truly basic 
erence between plants and animals. In fact, the oxygen animals use to respire the 
materials is itself a product of the plants • 
.l'ood requirements vary enormously. The amount of food needed by an animal is directly 
ted to the amount or energy which, in turn, is related to the activity and the activiti 
pendent to some e.x;bent on the an:i.:::al 1s temperature. Yfar::J-blooded vertebrates
1 
the 
active O:f an:i_ma.l ~- 1"An,.; .,...,_ <> "'"'"'o+!>n+ 4'nM "'"~~1 .... 
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LORA.TION #4 (cont. ) 
al tools and weapons can be thought of as adaptations, as instruments developed in the 
lution of the animal that equip h:i.Jn to do certain things. Competition results in an 
lis developing different habits that will not compete with others, habits that fit h:iJn 
loit one special niche in his community. Since his chief everyday occupation is 
getting, his tools will be •designed to get him his particular food most effectively. 
tools or adaptations, are the result of ~1 accidental changes made as the animal 
ves. Those animals which have changes that serve to help them will survive to produce 
young, and thus the adaptations are passed to the next generation. This is the process 
tural selection and is responsible for the variety of adaptations (tools) that have 
led animals to handle tremendously diverse situations. 
al tools become weapons when they are for defense or attack, but normally they are food-
ing tools . A few an:i.Jnals have weapons used almost exclusively in battle. Rarely do 
als ever use an implement not part of themselves as a tool. Only man with his hands 
thus enabled to make and use tools of great complexity. 
adaptation, selection, competition 
various characteristics of mammals and the advantages that these characteristics confer 
heir possessors, will be the central theme of this program. 
als, like birds, developed from a reptile monster. Like birds, they are warm-blooded, 
their body temperature regulated and are therefore independent of the temperature of 
envirornnent. 
mammals among vertebrates have reached an advanced stage of developnent which made 
the dominant group of vertebrates on land today. A mammal has distinct advantages 
surviving on land. Fertilization and early development are internal, hence protected, 
the mother cares for her young after birth by feeding them milk. (The word m.amm.al 
rs to mammary gland). 
face of an an:i.Jnal tells you a great deal about how he lives. By studying the skulls and 
of mammals, you can identify the different orders into which they are divided. 
e are three main groups of mammals living today. Two of them are comparatively 
itive~ the marsupials and monotremes. 
placental m:umnals are b.! far the most numerous. in the world today.. They have evolved 
hest in the~ reproduct~ve methods and their young are nourished to an advanced stage 
evelopment before birth through attachment to a placenta or sac within the mother 
e placental mammals are divided into a number of differe~t order~. • 
bulary: cold-blooded, mammal, warm-blooded 
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(cont.) 
can only understand the construction of an animal home when we understand the animal 
t built it. The home is an adaptation to insure tllEil survival of the young of a species. 
incubator, parental care 
LORATION #8 SEEDS 
nature of seeds, the variety of methods by which ~ey are distributed, their role in 
life of the plant and the process by which they germinate, will be discussed and illustra-
by this program. 
earliest plants began in the sea. Af3 land plants developed many adaptations were made. 
of the greatest achievements in the plant world was the development of the seed. The 
d is protection for the embryo plant before many are ready to germinate. 
eed consists of three parts, a seed coat protection, a tiny replica of parent plant and 
tore of food to nourish the tiny plant until it can set up a food factory of its own. 
se are several of the conditions for the germination of a seed: moisture, air and a 
erate temperature . After germination, the plant also needs soil-containing mineral 
erials for growth. Once the first true leaves emerge, sunlight is necessary for food-
ing to start. 
hough plants are immobile their seeds are easily dispersed. The methods of dispersal 
varied and dependent on structure of the seed. Great numbers of plants can be spread 
ind, water and certain animals. 
acts are important, though chiefly as agents of fertilization. It is interesting to 
e that seed producers, the dominant la~ plants, developed roughly along with the 
lution of different groups of insects, mammals and birds closely connected with their 
ilization and seed dispersal. These are further samples of the interdependence of 
ing things. 
abulary: dispersal, dormant, embryo, germinate, seed 
TION 119 TREES 
are rather s~cialized plants. The methods by which they grow, obtain raw materials 
e food, and by which they survive the winter will be shown. The economic importance 
ood and of forest practices will be included. 
'bably the largest and oldest living thing is a tree. Yet it develops from a tiny seed. 
sprouting of a seed illustrates in miniature the three main parts of a tree in their 
er position: the roots, truck, and crown. Roots serve to anchor the tree to the soil 
to absorb water and minerals necessary for food making. The passage of water from root 
o the remotest leaf is one of the remarkable feats of nature. 
woody stem or trunk is an adaption of the tree to life on land. As early land plants 
on land, they were often crowded and began reaching for light in competition with 
ghbors . As their crowns were lifted off the ground, the trunk became the sturdy 
rort. 
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toRATION #10 (cont.) 
e upper level of water is called the water table The level of the water table must be 
intained for plants to draw on ito • 
n has by drainage of swamps and marshes dropped the water table causing the loss of plant 
fe. and the :U.sappeara~ce of many local animals. ' Not all drainage should be condemmd but 
ut~on used ~n disturb:mg natural reservoirs. Water should be safeguarded. 
cabulary: solution~ evaporation, erosion, weathering 
~TION #ll FOSSILS 
ssils are records in the rocks. They are f'ound in various sedimentary rocks and from them 
can learn about life that was present long ago. One of the greatest generalizations in 
ology, the theory of evolution, is largely based on a knowledge of the fossil record. The 
hasis in this program will be the role of fossils in the theory of evolution. Formation 
fossils will be explored. 
sils are t he actual remains, imprints or other traces of animals and plants that lived in 
past . This record is preserved in the earth 1 s crust which is composed of three types of 
ks called igneous, sedimentary and metamorphic. Fossils are found in sedimentary rocks · 
h as sandstone but most recent fossils may be also found in sandpits, peat bogs, or frozen 
tic glaciers • 
. 
ause of the unusual nature of their preservation, fossils give a very biased picture of the 
t because the kind of animal and plant they favor. However, the study and interpretation 
fossil structures remain the basis of our knowledge of evolution. Fossilization is usually 
ught of as a process of turning into rock but there are other ways of formation-mummified 
ains in a peat bog or oil or frozen in a persistent ice-field; all samples but they are 
ual. 
1dy of rocks indicated that primitive animals always appeared in the older r ocks , whereas 
i.mals most like those of today appeared in younger rocks. This is strong evidence of t he 
1cent of one from another by evolution. Key fossils are fossils that had a very wide 
:tribution for a short period of time and are , therefore, used for dating rock formations. 
y are also used at the present time to correlate the age of rock formation in areas far 
rt, and also as key to identif.y rock f ormations bearing valuable economic deposits. 
bnportant as the fossils themselves, are the sedimentary rocks in which they are found. 
have learned, from the study of sedimentary rocks, that certain fossils were found in 
.ain rocks relative to the great unconformities (result of unlifting of layers of sediment, 
:r subsequent erosion and the disposition of new sediment on top of the old, but not 
·llel to the plane of the old) and by correlating such groups of rocks, great periods of 
ogic history were discovered and named. A timetable was made of these eras, from oldest 
he youngest, and this is called the Geologic Timetable. This table, based on the changes 
iving things, has been confirmed and its accuracy, by the use of radio-active dating 
xis (some radio-active elements are uranium and carbon 14). 
>resent age of the earth is guessed to be somewhere around 3,00o,ooo,ooo years. The story 
te fossils as written in the rocks is long and fascinating and very difficult to read. 
of the pages in this book are missing. The earliest forms of life left no fossil records. 
e time of the first fossil records, nearly all the major "problems" of survival on earth 
e~n solved and there was a wide variety f ound at that era. After the first great period, 
n:cy- major group to appear was the animals having back bones. During the following period 
imate vacillation from wet to dry, plants were est ablished on land, and then amphibians 
1nd invertebrates. Reptiles soon predominated the land. Years of glacial. advances and 
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LORATION #13 REPRODUCTION 
character~stic of ~ving material is that it reproduces, and reproduction is defined as a 
cess by which an animal or plant gives rise to another of its kind. This program will be 
cerned with the general features which are common to all methods of reproduction. 
general features of organic reproduction are~one, like begets like; and two, life comes 
pre-existing life. These two general features of reproduction are called heredity and 
continuity of life. other general features are sex developnent and cells. 
kind or species of animal and plant brings forth or reproduces a good copy of itself 
eration after generation. All living things develop from a single cell, usually a 
ilized egg, and all of the general features of reproduction, such as development, 
edity and sex are based on this most important principle. 
most plants and animals sexual reproduction is the rule and heredity involves a contri-
ion of the male and female to a single cell that develops anew into another plant or 
,mal. The contribution of the male, the sperm cell, unites with the contribution of the 
,ale, the egg cell, to fonn a fertilized egg. This single cell then divides into two 
ls, each with a similar store of information. This process continues until the adult or 
troducti ve stage is reached once more, thus contimrlng the process of reproduction. 
, 
brings the inherited materials from two different inheritances togethe~ to create yet 
ther new contribution in the offspring to guarantee and compound variations for natural 
action to work upon. 
all reproduction involves sexuality, another general feature of the reproductive process. 
r plants and animals reproduce by asexual means o For example: simple-celled microscopic 
1ts and animals such as algae and amebas simply divide in two, then the division products 
:.inue this process by dividing in turn. 
flowers of plants are the sexual parts. How the plllen grains (male parts) reach the 
e (female parts) in flowers to fertilize is accomplished by many agents, among them the 
• When ovules are fertilized, seeds are formed in higher plants, and the process of 
topnent begins when the seed germinates o 
>duction insures the continuity of life, the preservation and expansion of the race. 
•ulary: development, fertilization, sexual reproduction 
RATION #"J.4 POPULATION AND PREDATORS 
tving things tend to increase in number. The female codfish, for example, lays over a 
>n eggs and yet the ocean is not filled with cod. Why? They are controlled by canpe-. 
1 for food and by predation. This program will explore the relation between a populat~on 
mals and a predator. 
ving things tend to increase in numbers if left to themselves. Fo:t:matel~, there are 
s limiting the tremenious upward pressures of pop~tions of all ~n.ng things. The 
limiting force to overabundant life of ~ kinds ~s the rate at which plants can :make 
No plants-no food for animals-no aiUJnals. 
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LORATION #15 (cont.) 
the preparation for cold made by animals active in the winter are far less extensive than 
hose of hibernators . Some change into a winter coat lj_J{e weasels· others store food 
. ' . qm.rrels hide nuts, for example. 
us far, the winter problem has been that of warm-blooded animals which maintain a certain 
ontrol over their general body temperature. Cold-blooded animals become sluggish. Some-
ames they freeze and die. Their survival depends on aP-aptations: one is the storage of ~t near the body center. Most cold-blooded vertebrates seek shelter in caves and at the 
ttom of ponds. Many insects die in the fall and are survived by their eggs. others pupate h the fall and pass the winter protected by either silken cocoons or snugly attached to 
~ant stems. In either case, they pass the winter in a state of dormancy. 
e two most abundant and varied groups of land organisms, the flower plants and the insects, 
ave with exceptions, no way of controlling their internal temperatUres. The honey bee is 
~e exception among the insects. 
m is one of the few animals in whom body temperature is maintained almost constant. Man 
ces the cold by shivering. Muscular activity then produces heat. 
CPI.ORATION #16 PLANTS IN WINTER 
ants also have problems during the winter months. Because of the difference in their method 
growth and livelihood they are able to make different means to solve the winter problem. 
plants, winter is a time of drought and low temperatures. Their simple life processes 
,r the most part only let them ''just sit there and take it 11 • Still they have ways to survive. 
the case of annuals, the plants die with the coming of winter but have already produced 
~ds which survived. 
important source of protection for seeds and the living herbaceou~ plants is to be buried 
thus insulated in soil and snow. Although evergreen trees keep their leaves all winter, 
slim needles expose little surface for evaporation; s ome are coated with wax. The dense 
ffih of evergreens helps too because each of these trees shelters its neighbors. All . 
vity is reduced in the winter since reduced hours of daylight and lack of water pract~cally 
photosynthesis. 
\rapping of leaves of deciduous trees cuts evaporation to a minimum. A layer of. cork-
cells fonns across the base of the leaf-stem. Ex"change of sugars and raw mater~~~s is 
red; the chlorophyll disa4pears and the varied colors ~ch are present all the ~e T atures below 50 are most favorable for br~ght colors. lOWe emper 
leaf scars 1 af falls from the twig the cork-like cells remain as a leaf scar • 
.he e b d th .;denti4'.:n1"10' marks of the kind of tree. 
winter ~ s are e • ~J~~ 
3 
another a.da:ptation of trees ~o resist cold and dying. Each species has 
;ori.Bt.ic bark, leaves, and fru:tt. 
its own 
chp~uc?zz.:J .ror survival, the tr:es are r~e r!t only that SO many plan~S SUI"VJ. ve but 
tull¥ oefc~ cc:.i "flea.tner arrJ..ves • 
., b'Ud 'bulb \i()'t't\\2llt, perermial 
o:t>y: . a.nnu.a;. a , ) 
able to withstand DG1thern winters • The 
that they prepare so thoroughlY and 
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EXPLORATION #18 (cont.) 
The basis of all life in the ocean is the plankton which qonsists large~ of free-floating 
microscopic plants and animals. Sea plants, like land plants, make their own food with the 
aid of sunlight-photosynthesize. The chief plants of the plankton are diatoms which are the 
base of the food pyramid or food chain in the sea. Minute animals of the plankton eat 
diatoms, and animals in turn are eaten by larger animals and so on. Bacteria, as on land, 
break down dead organisms, converting their compounds into materials usable anew by plants 
and animals. Bacteria, together with diatans, are the primary elements in sea food chains. 
Flagellates, protozoans and primarily capepods (crustaceans) are the most prominent animals 
of the plankton. Capepods form the chief food of herring and mackerel. Therefore, it is 
important for the fishing industry to know where plankton is most plentiful. 
Diatoms and other plankton plants depend on sunlight and mineral elements in the water far 
photosynthesis. Many factors such as mineral content, ocean currents, contribute to rich 
plankton. All these factors are studies in oceanography, a science most important to the 
fisheries industry and allied industries concerned with getting food from the sea. 
Food from the sea, most important in man's economy thus far are the fishes and mollusks. 
Man has tried the plankton but the difficulty is getting enough, large enough of the right 
kind. This has not as yet been successful. 
Great areas of the seas remain comparatively unexplored and unused. Three things can be 
done to remedy this: first , research into all branches of oceanography; second, experiment 
further with farming of brackish water and third, experiment with forms of sea life 
unfamiliar as food which might be palatable and tasty. 
Vocabulary: crustacean, diatom, plankton 
EXPLOJ?\TION 1119 LIFE IN A DROP 
Borrow a microscope and place a few drops of pond water on a glass slide. Here you will 
visit a strange new world. Strange forms of many colors can be seen bumping, jerldng, 
and shooting through the water. The microscopic life of concern in this program will be 
with the single-celled organisms which are the smallest unit that is alive. 
Small size carries with it a number of advantages. The chief one is floatability. The 
1
smaller an object, the greater its surface in relation to volume and the greater the bouyancy 
Furthermore, absorption of mineral salts in water plants or organic substances i n a water 
animal takes place through the surface, favorably so for these small organisms. The larger 
surface of microscopic water plants can make better use of the dim and scattered light 
available. 
Interdependence of living things is found in a drop. Green plants make food for themselves 
~nd animals eat them and each other. 
)orne of the tremendous variety of plan organisms that can be seen are some bacteria, algae, 
lnd diatans. The free-floating (planktonic) diatoms reproduce by division. The cell wall 
•f diatoms is made of silica. During division the silica skeletons fall to the bottom of 
he ocean or fresh water bodies to form silica beds. 11Diatomaceous earth" has commercial 
alue as a fine abrasive, insulator, or absorbent. 
:me of the objects seen will be moving slowly and erratically, drawn by whip hairs. These 
•e flagellates which are either plant-like or animal-like. One example of these border-
.ne organisms is the Euglena. 
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EXPLORATION #20 (cont.) 
ack to the lungs. Arteries and veins resemble the roots of a tree. They are ramified into 
a mass of smaller tubes down to capillaries, analago'u~ to root hairs. 
Lymph, the second body fluid among the vertebrates is also part of the internal ocean and 
has its own system of one-way pipes by which much of it returns to the blood. Lymph is 
the fluid that occupies the internal spaces in various parts of the body. It bathes the 
cells themselves. The relations~p between blood and lymph is best understood from 
capillary action. 
~ocabulary: artery, capillary, circulation 
b tcru.TION #21 PLANTS WITHOUT CHLOROPHYLL 
e ome plants are unable to trap the sun's erergy because they lack the green pigment, 
e_hlorophyll. How these plants survive .and where they get their energy will be discussed. 
wnat use are they to man? 
trr;,ong the so-called lower plants which do not have flowers, and reproduce by spores instead 
of seeds, there is the great group of Fungi which, even though they are plants, completely 
Qack the chlorophyll essential to the pattern usua~ regarded as typical of plant life. 
t
l'he Fungi make up a large group, very widespread in their occurrence and very varied in 
heir form, structure, and activities. 
e most familiar of these are the mushrooms, puffballs, toadstools, and many others. Less 
conspicuous of the fungi are the numerous molds, mildews and yeasts which are microscopic 
n size although powerful in their activities. 
iruses do not seem t o be plants or animals. There is no certainty as to their actually 
eing alive. They reproduce but only through cell attachment. They are not cells but like 
parasi t es attach themselves to a cell and multiply. 
~cteria, t he smallest l iving thing, must have moisture to carry on their life processes articularly repr oduction. Some bacteria do cause sickness, but most of them are beneficial. ey do two of the most important jobs that make continued life on earth possible. They e the chief (not the only) organism of decay and their second service is to fix nitrogen 
Ln the soil in a form usable by other organisms. 
~1 f ungi have certain fundamental characteristics. Since they lack chlorophyll, they 
ust obtain substances already manufactured by other living creatures. Using the energy 
nd r aw mat erial s thus obtained, the meshwork of threads grows and produces spores. These 
oores are distributed by air currents or other agencies, and, on reaching suitable 
1ter ial under f avorable conditions of moisture and warmth, develop rapidly. 
~ materials the Fungi use for food may be non-living stuff like wood or leather that was 
•.ce l i ving, or i t may be stuff from creatures that are still alive. In this case the 
ngi are parasites. 
though some Fungi are harmful, on the whole their activities help to produce food, flavors, 
licines , and i ndustrial products. This is the array of plants without chlorophyll. 
:a.bulary: fungi, mold, parasites 
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RATION #23 (cont.) 
song of birds serves two functions: 1) as a proclamation of territory holding and 
f:'S an attraction device for urnnated females. The many cells of birds may serve as 
'tress signals to alert other members of the fl.ocko The songs and calls of birds are 
lY distinctive. 
of the most exciting recent discoveries in the field of sound production and reception 
~he revelation that bats of many species use very high-pitched sounds for the avoidance of 
1
ects and locating their prey. Of interest here, ~s tha'ti some moths, the very ones preyed 
n by bats, are extremezy sensitive to the high-pitclled soun:is of their enem.ie s and react 
~dging the bat. This points out once again the amazing variety and versatility of the utionary process--the origin and evolution of echolocation in the predator, and the llel evolution of sensitive reception of the predatar 1 s sounds in its prey. 
bulary: membrane, vibrate 
RATION #24 AMPHIBIANS AND REPI'ILES 
e are animals that are still very limited to the kinds of environment in which they can 
• In this program we will explore the difference between a reptile and amphibian and 
at some common examples of both. 
iles and amphibians comprise a group of cold-blooded vertebrate animals which include 
s, toads, and salamanders (amphibians), and turtles, lizards, alligators, crocodiles, and 
s (reptiles). 
amphibians lead a double life because they live on land and in the water. They were t he 
t vertebrates to succeed in living on land. Most amphibians are still dependent upon 
r at least for breeding. The eggs are laid in the water and the young pass through a 
al stage of development there. These tadpoles (larval stage) do not resemble adult 
s or toads. Structurally frogs and toads differ very little. Toads are especially adapted 
· e on land while frogs must be kept damp on the outside to facilitate breathing. 
larvae of salamanders resemble the adult but have external gills. Salamanders very a good 
in structure and habits, but all require a moist environment. 
iles are more completely adapted to life on land than amphibians. They lay eggs or produce 
on land. They breathe with lungs at all times. Their young do not pass through a 
a1 aquatic stage. Once hatched, they resemble adults. 
iles found in Massachusetts are turtles and snakes. Turtles live in the sea, fresh water, 
\
on land. They differ from other reptiles in their complete absence of teeth and the 
ence of a shell. Fertilization is internal but once the eggs are laid, they are abandoned. 
es evolved fran lizards. However, lizards have moveable eyelids, snakes do not. Another 
in which snakes differ from lizards is in the jaw bone and teeth. The teeth of a lizard 
ughly specialized. Snakes have slender back-pointing teeth all of one ld.nd (except 
the fangs of poisonous snakes). 
•emarkably supple movement of a snake is made possible by the tremendous number of 
tbrae in his backbone. A snake has no external ear, but feels nbrations through the 
1 length of his body on the ground. His tongue is not a "stinger" bu~ a tasting ~nd 
ing organ. A small cleft in his lip enables him to dart hi~ to~e ~n and out w~thout 
ng his mouth. He does this to help him explore the ground l.JTllllediately in front of him 
his eyes are on the sides of his head. 
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LoRATION #26 (cont.} 
organization in a beehive is a marvel. Each bee has a definite task. The individual 
er has a prescribed life. Workl The workers clean the hive as well as feed the baby bees. 
struction of the honeycomb is also done by the workers. During the warm or cold weather, 
workers help to regulate the temperature within the hive. Nearing the end of their lives, 
workers become honey and pollen gatherers for which the bees have fine equipment-eyes. 
large compound eye has telescopic, all around vision. On the top of the head are three 
gle eyes which are sensitive to color. Bees "see" ultra-violet but not red. Their eyes 
also sensitive to sharp contrasts. And flowers with these marks attract the attention of 
s. Their eyes are sensitive to motion, like blossoms swaying in the wind. 
queen bee differs from workers in structure. Although the queen is fed and cleaned all her 
r' she will be busy for she must lay thousands of eggs. After mating, high in the air, she 
urns to the hive. She never leaves again unless she goes out in a swarm to start a new hive. 
pes are fed and tended until a.fter the mating flight. Then, of no further use, they are no 
ger fed and as a result starve to death because of their inability to self-feed. 
talk was a 1'bombshell11 to biologists . Suppose a honey gatherer has just located a fine 
pJ:y of nectar. With great excitement, she comes to the hive and starts a nervous dance on 
wall of the honeycomb. From this dance other honey gatheral"s learn the source, direction, 
quantity of nectar. Bees may gather only pollen or only ne~tar or a combination of both. 
dance is the device for relating the information. 
same remarkable dance technique is used by the scouts of swarming bees. The scouts dance 
the direction and distance of the proposed new home. As soon as the location is decided 
, off toes the entire swarm, closely surrounding the queen. In a short time the new hive 
r unctioning normally • The exact reason for bee swarming is not always clear . Perhaps 
rcrowding, the season or weather have some bearing. 
~ividual honeybee can live alone which points out the socility of bee life. 
abulary: anteonae, compound eyes , swarm 
birds migrate from the north to the soufth in the fall and return north with Spring. 
this program we will discuss the development of bird migration, suggest methods by which 
ds find their way and some methods used in studying bird migration. 
d migration has been and still is speculative . True migration involves 
m breeding grounds to wintering ground and back. One obvious reason is 
ds are warm-blooded vertebrates and require a constant supply of food. 
hly mobile, they simply follow the food supply when the winter shortage 
a seasonal movement 
to obtain food. 
Since birds are 
forces the change. 
year, beginning in early smnmer and continuing into late fall, we see the departure of 
er r esidents for the south. Late in February the first returning migrants appear. 
uth" is a different location for different species. 
e species of birds migrate by day, but f ar greater numbers travel at night. Day travel has 
n explained by showing that birds can follow the passage of time. They have an internal 
ock" and using the sun can orient themselves to directions, anticipating the movement of 
i sun. Night migration is more puzzling. Recent theories explain :that night migz:-ants 
~gate by use of the stars . 
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RATION #29 YOUR BACKYARD-THE COUNTRY 
this program we ~ll explore same of the different habitats and the animals and plants that 
a in them. 
r kinds of animals make their homes in the countr.y backyard. If there i s a pond and a brook, 
ar life will abound. The domed house of the muskrat can be seen. His diet i s the water 
• Snails, feeding on green algae, move along the bottom, and thus the balance is kept. 
the water and around the edges of the pond, dragon-rues pursue midges and mosquitoes. 
er inhabitants of the pond are the bullfrogs. They catch insects, perhaps the dragon-fly. 
f ted and spotted turtles eat tadpoles, snailsJand insects1 while the snapping turtles eat 
-Ghing, including bullfrogs. 
his same community we see the relationships between l iving things . At t he bot tom of the 
~d we have the algae, eaten by tadpoles that are i n turn preyed upon by other pond 
bitants. Here varying sorts of animals are living together, some feeding on the others. 
)nd the edges of the pond are spots where wild plants make themselves at home. Honeybees, 
~ bees, and other insects are attracted to these flowers . Birds then prey on these insects. 
fruit trees are shelters for many birds that use the worms f rom the lawn as food or the 
cts already feeding on the tree. 
his country-community of living things all the principles of the Exploration series are 
.icable. Interdependence-plants capture the energy of the sun, animals eat the plants, 
these animals in turn are eaten by other animals. 
i;ORATION /130 YOUR BACKYARD-THE CITY 
program will be devoted to showing that life may be found in the most unlikely places-
·e at hand. "Great principles of Biology lie still undiscovered in the nearest roadside 
~tter where one lives, he is usuall y in t he company of other living things. Some of the 
r undesireable stay closest to man, t he Norway Rat and the house mouse • 
English Sparrow ·or House Sparrow was introduced to this country t o control t he large 
er of canker and army worms prevalent on city trees . The English Sparrow soon drove out 
other birds that controlled insects. Today this House Sparrow is the common city dweller, 
ell as the Starling. 
iety of the six-legged class like city life. Flies adore the city,~~ breeding in city 
age and plaguing markets. The Drosophila, used extensively in heredity studies, is _very 
on around fruit. Cockroaches excel in apartment dwel lings . other insects , like the bees, 
s, beetles, find food in gardens and parks. At night, moths flit about streetlights and 
larvae live on trees and ·shrubs. 
ever t here is food, there will be an animal to eat it . Wherever there is a chance for a 
t to grow, there will be a plant gr owing. 
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S PROJECTS 
Construct an aquarium 
Construct a terrarium 
Set up a Nature corner 
Keep a science bulletin 
board 
Start a Nature Club 
Reading should be a regular assi.gmnent 
am 1. 
'8or 
Alive 
ram ~,· 
e Are 
als 
am 3. 
ts 
Exhibit an egg, seed 
~ everything that you can think of 
that moves, but is not alive; that 
grows, but not alive; that uses 
energy, but not alive. 
Exhibit "Albert, the Drinking Duck" 
Draw or collect some representative 
animals. 
lllustrate their eating hab:ilts. 
Collect hydra, planaria, turtles, 
fish for the aquarium or terrarium. 
The following projects show that 
plants normally need light. 
They can be perfonned by individuals 
with the class noting and observing 
the results. 
Class note and compare the direction 
IND J:VIDUAL PROJECTS 
Reading in specialized interest area 
Exhibit moldy bread, cheese 
Make a coal garden and watch it grow 
Make crystals 
Try burning a Brazil nut, lump of sugar, 
some nom-. (energy) 
Study and report on the activities of 
animals in the aquarium and terrarium. 
Make a chart showing animals·• dependence 
on plantso 
of both plants at the end of two weeks. 
Place two plants, approximately the 
same size, in the window. Keep one 
pot in th.e same position. Rotate 
the second pot one-quarter turn each 
day. 
Class observe for a week. 
Class note the change in the leaf. 
Class note the effec~ an the grasso 
Raise a seedling to three to four inches. 
Place a milk carton, with a hole in the 
· side, over the plant. Keep the plant 
moist. Watch the development. 
Get two simi 1 ar plants. Put one in the 
window. Put the other in the closet. 
Keep each watered. 
Place a leafy plAnt in the window. 
Cover part of a leaf with dark paper 
and leave it for a few days. 
Lay a board on the school grass for a 
few days. 
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CLA.SS INDIVIDUAL 
gram 6. 
Animals Collect these animals for the Make a special study of one of the 
animals. ~ terrarium-frog, toad, sala-
mander, snail, slug, earthworm, 
grasshopper, cricket. Cbserve 
how different animals move, haw 
they defend themselves, how they 
catch food. 
tram 7. 
al 
s 
~am B. 
Collect these animals for the 
aquarium, snails, fish, water, 
insects (boatmen, striders, etc.) 
Observe movement, food catching, 
defense. 
Prepare an exhibit of animal homes. 
Be sure to include galls (goldenrod, 
willow, oak apple) cocoons, wasp and 
hornet nest, squirrel nest, and sheUs 
(hermit crab) and insect riddled wood. 
Read about these animals. 
Models of the animals in plasticene 
or clay or paper mache. 
Build a bird house for a particular 
species of bird, noting exact depth, 
size of hole, etc. preferred by bird. 
Diorama of animal home and environment.· Take apart a bird's nest collected in 
the winter o Make separate piles of 
each kind of material. Count kinds 
and pieces. Reassemble as nearly as 
possible to original form. 
Make a collection of Nature's 
Prize Packages. Using the 
National Audubon Chart "Camnon 
Seed Travelers", prepare an 
exhibit of seed dispersal. 
Place three lima beans on dry 
cotton in separate containers. 
Keep one covered with water, do 
not water one at all, and keep 
the third one moist. Noteresults. 
Model of beaver home. 
Collect a pint of good soil. Spread 
it at least an inch deep in a small 
box. Keep well watered, in a light. 
Count the number and kinds of plants 
that germinate. 
Cut open a lima bean and kernal of corn 
to see what is stored inside a seed. 
Find the small plant. Test the remainder 
for stored food. Use iodine. 
Collect fifty grapefruit seeds. To determine if stored energy is released 
during germination, soak one-half glass 
a. Place 10 in the freezing compar1Anentof bean seeds, then put them in a pint 
of a refrigerator for one week. thermos. Pour in one-third cup of-. water. 
Drill a hole in the cork, insert a ther-
b. Place 10 in the regular part of the mometer about hall'way down, and put the 
refrigerator for one week. cork into the thermos. Seal with 
c. Place 10 in the sunlight, dry 
for one week. 
plastic clay or wax, at the neck and 
around the thermos. Keep out of sun or 
any source of heat. Take readings at 
once, in 15 minutes, then every day 
for 5 days. Make a graph. If food is 
used (oxidized) during germination, heat 
is nroduced-
l 
\.m 10. 
~ n. 
~s 
F 12. 
rn and 
~aurs 
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CIASS 
To find out what happens when water 
freezes, fill a vial with water full 
enough so that it overflows when corked. 
Put the vial in the freezing compartment 
of the refrigerator or out of doors in 
the winter. 
What happens when water freezes. What 
happens to rocks when water gets into 
tbe cracks? 
Pick up a stone from along the sea shore 
or fran a stream bed. Compare it with a 
stone from a new road cut. 
Write an imaginary story of a drop of 
water, beginning as a drop of rain until 
it has helped at least one plant and one 
animal. 
Collect pictures showing how land is 
affected by the amount of water (desert, 
forest, etc.) 
Visit local caves and glacial boulders. 
Obtain information on the phenomena of 
our various national parks caused by 
water and wind. 
Find out all you can about coal. 
Origin of the energy released when 
coal burns. 
Visit stone buildings in your 
town to determine whether there 
are fossils in the building stones. 
Make a mural of the way your 
community once looked. 
or 
Make this story a series of 
pictures on a long strip of paper. 
Fasten a round stick to each end of 
the strip and roll it into a movie. 
Have those children who have dogs 
to bring in snapshots and/or canplete 
descriptions with measurements, noting 
hair and eye color; way of carrying 
tail and ears; length and thickness 
of coat and any special characteristics 
such as voice, shape of fact, et c. 
Compare observations and try to 
determine which dogs would be most 
closely related. Do the dogs have a 
---- ""...._""~ ... +n"MM? 
INDIVIDUAL 
To determine the effect of trans-
piration place a growing green 
plant (potted) under an inverted 
glass bowl or jar in the sun, after 
sealing the pot and earth by 
wrapping in aluminum foil, tucld..ng 
it carefully around the stem of the 
plant. The moisture that condenses 
is the result of transpiration. 
To find out what happens when warm, 
moist air blows against a cool mountain 
range, boil water in an open pan and 
suspend a piece of cool metal at an 
angle a few inches above the water. 
Note what occurs. 
By observation and use of geological 
maps determine the height of the 
water table in the community. Decide 
what changes might have occurred in 
the table since the town was settled. 
Make a chart showing the water cycle. 
Take plaster casts of animal foot-
prints. Compare with dinosaur tracks. 
Make leaf or fern prints, using strong 
leaf, like a Christmas Fern. 
Recreate a scene in geologic time by 
telling a science fiction story or 
by constructing a diorama. 
Tell the story of your community. 
It may be the story of a sea or 
forest that once covered the land. 
It may be the story of animals and 
plants that could not live success~ 
fully there. 
Have individual pupils apply the same 
techniques to other 'animal:s, fruits, 
and flowers. 
am 14. 
nt.) 
ClASS 
Find out about hawks and owls in 
yom- area. learn about what they 
eat, whether they are helpful ar 
harmful, how they are protected. 
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Try putting . some bine-shrimps or 
mosquito larvae in the aquarium with 
the fish. Observe mat happens. 
am 15. 
b..s Prepare 
inter Make a habitat group, using a 
cardboard carton or a shoebox, 
of one or more animals. Make 
figures of clay or cardboard. 
Paint in suitable background 
or paste in pictures. 
am 16. 
ts in 
~r 
Make a mural, picturing various 
habitats and placing cutout animals 
in habitat. 
illustrate various methods of 
preparing for winter. 
birds migrating 
woodchuck hibernating 
inactive animals 
active animals 
Place narcissus bulbs on bed of 
stones, with water. Start bulbs 
in a dark place (7-10 days) then 
move into full sun. Keep wet. 
Try the same thing with an onion 
or potato .. 
Trees show their best shape in the 
winter. A good detective g~e is 
to be able to identify trees without 
their leaves, know them by their 
shape .. 
Collect those parts of plants that 
are used as for animals in >v.inter 
(bark, twigs, nuts, seeds, berries). 
Make an exhibit listing the animals 
that prefer each of these'foods. 
Make a collection of twigs from 
different trees. Ex:amine the buds 
and leaf buds carefully. Compare 
the position of the buds to find 
whether they are opposite or 
alternate. 
INDIVIDUAL 
when the robin stops fighting it. 
This1 is the edge of his territory. 
Repeat the experiment on the other 
side of the nest. Determine the size 
of his terri tory. 
To aid wintering birds, make a bird 
feeder. 
Make a collection of insect galls. 
Cut an onion bulb or other bulb 
through the center lengthwise. 
Look for leaves and flower bud. 
Find a horse chesnut twig. Open 
carefully the terminal bud (but at 
the end of twig). Find the flower 
spike and leave, protection from 
freezing, look at the scars. 
am 20. 
d-the 
rnal 
ean 
am 21. 
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CLASS 
Draw a diagram of an animal's heart. 
Show how the blood passes through it. 
Borrow a blood smear from the school 
doctor. Look at it under the micro-
scope to see the various types of 
blood corupscles. · 
Trace the path of blqod through the 
body. Make chart wi 'l:ih colored wire 
showing the circulatory system. 
Make spore prints from wild mush-
rooms or from cultivated variety. 
You will need: a plate on which 
several layers of paper towels or 
construction paper, well moistened, 
have been laid; a glass bowl or 
plastic cake-box top; one or more 
mushroom caps. Cut stem from mush-
room at base of cap. Lay cap, gill 
side down, or moistened paper. Place 
bowl over plate. After 24-48 hours, 
remove bowl and take up mushroom very 
carefully. Note where the spores are 
produced, the number, the color. To 
prevent the spores .from blowing away, 
cover with a piece of glass or plastic 
sprayed. 
Set up damp chambers to show that molds 
and mildews will develop, the ways in 
which they grow, the colorful masses of 
spores they produce. Try a piece of 
stale br ead moistened. Put it on a plate, 
1cover wi th a glass bowl, and leave for 
a few days. Put a piece of carrot or 
turnip, moistened, onto a plate and cover, 
as above. 
INDIVIDUAL 
Take a classmate's pulse. Take 
your own. Compare after running 
or jumping. 
See if you can find the pulse in 
your dog. 
Raise one arm in the air; let the 
other hang while you count ten. 
Compare the color of hands. 
Put your ear to a friend's chest 
and listen to his heart beat. 
Describe the sound. 
Bring to class a beef or chicken 
heart that has some of the blood 
vessels attached to it. Examine 
it. Identify as many parts as 
you can. 
Cut a beef heart in two pieces. 
See the thick muscle walls at the 
bot tom of the heart. They are 
thicker than the wall muscles 
at the top of the heart. 
Obtain an orange with a bluish-
green mold on it. Assemble three 
sound oranges. Bruise one slightly, 
so that the skin is broken. To 
show that this destructive mold 
cannot attack the orange unless 
the skin is cut or injured in 
some way, make a small cut in 
one; make sure one is sound, with 
unbroken skin. Now scatter spores 
from the moldy orange oh the three 
oranges being sure the spores fall 
on the cut and the bruise. Place the 
three oranges in a damp chamber. 
See if this destructive mold attacks 
the sound orange. 
am 24. 
ont. ) 
ram 25. 
CLASS 
A snal.<;e doesn't die until 
sundown. Toads give you warts. 
You can tell a turtle ' s age by 
cbunting the sections in 'his 
carapace. A turtle can crawl 
-ll-
out of its shell. All snakes lay 
eggs. 
Are Fl owers 
am 26. 
Experiment to show how a plant is 
pollinated: a pot of tulips or 
narcissus or other suitable flowers 
with buds. Examine the blossoms as 
they open. In one blossom remove 
the stamens and cover the flower 
with polyethylen~ bag; in a second 
tulip, remove the stamens (to avoid 
self-pollination) and as the pollen 
develops on a third blossom, dust 
liberally on pistil number two. Then 
cover with a polyethylene bag. Cover 
a fourth bud with a bag and a llow it 
to develop undisturbed. Compare seed 
development of all the flowers a t 
intervals of a week. If several 
blooms are treated in each of t hese 
ways, the conclusions will be more 
accurate. 
Bring a honeycomb to class. 
the sides that have cells. 
the wax and the honey, too. 
Count 
Taste 
Take a field trip to a nearby apiar,y. 
List the flowers and trees as well as 
their color which you have seen being 
visited by bees.. Note the color of 
those not visited. 
250 
INDIVTI>UAL 
or two of the young t o the same 
pond when they hatch. Keep study 
specimens in the aquarium. 
Reptiles can be easy pets. Try 
keeping a small snake for awhile 
and observe his habits. 
Dissect a flower and mount the 
parts on paper, labelling each. 
Mount one flower cut in half to 
show where t hese parts are 
normally located. 
Pick up a dead bee and look for the 
world.ng tools. 
-13-
ClASS 
ams 29 List the animal sounds you might 
30 (cont.) hear in your city backyard among 
the noises of the city. 
List the insects in your ci ty backyard 
that might escape notice because or 
their protective coloration or other 
types of camouflage. 
From a piece of meadow or woodland in 
the country, trace the passage of 
energy from the sun through successive 
steps to a fox or a hawk. 
From the backyard i n the city, trace 
the possible successive steps from 
the sun to a sparrow. 
Trace the successive steps by which 
the food energy in a perch caught in 
a pond was derived. 
INDrJIDUAL 
correlated readings and additional science activities, consult the following basal 
nee texts . To provide a wide reading range, use texts for grades four, five, and six. 
~asic Science Education Series (Parker ) intermediate: Row-Peterson 
nee Toda~ and Tomorrow, 4=6, dra,ig- HUl, Ginn 
New EXPljfning !it' Tlie New Discovering Why, The New Understanding wey;, Winston Series 
loring Sc ence Ser es, Allyn and Bacon · 
entary Science series, Do C. Heat h 
:cience Book, 4=6, Laidlaw 
fonderworld of Science (rev.) , 4-6, Scribners 
~riments, 4<=6, Singer 
;nee <n=:Modern. Living, 4-6, Lippincott 
tent Sciehce Series, Steck 
or Scien ist Series, -6, Rand McNally 
lc Studies in Science, 4-6, Scott, Foresman 
True Bo~k,Series, Children' s Press 
tter Classroom Science Libr~, Webster 
Golden Treasure of Natural~storz, B. Mo Parker, New York, Simon and Schuster, 1952 
